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LETTER.OF%tHfi* SECRETARY  OF  WAR. 
••   •• 
/••      •.  ' 

.  .'.;.'•./  War  Department, 

•*  '•/:*•  Washington  City,  January  7,  1884. 

Sir:  I  baVT^  the*honor  to  submit  herewith,  far  transmission  to  Con- 
gress,, tii^  a  witial  report  of  the  Mississippi  liiver  Commission  for  the 
yqar-ia^J/'  * 

.-   •/•,  ^erv  respectfully,  your  obedient  servant, 
..\  :*  '        '  Robert  T.  Lincoln, 

•  *  Secretary  of  War, 

The  President. 


REPORT. 


The  Mississippi  River  Commission, 

President's  Office, 
Neic  York,  December  21,  1882[3]. 
Sir  :  The  Mississippi  River  Commission  have  the  honor  to  submit 
the  following  report,  embracing  the  subjects  and  subdivisions  specified 
below,  to  wit : 

1.  Progress  of  surveys  and  examinations  since  December  1,  1882. 

2.  Construction. 

3.  Remarks  on  the  subjects  of  levees  and  outlets. 

4.  Legislation. 

5.  Financial  statements  and  estimates  of  funds  for  the  fiscal  year  end- 
ing June  30, 1885,  for  "  Surveys  and  expanses  of  the  Commission ''  and 
for  "Improving  the  Mississippi  River." 

progress  of  surveys  and  examinations. 

The  surveys  and  examinations,  uudertaktai  in  pursuance  of  the  re- 
quirements of  the  third  section  of  the  organic  act,  have  been  continued. 

From  December  1,  1882,  to  December  1,  18^3,  the  following  progress 
is  reported : 

(/awY/e«.— Daily  readings  have  been  continued  at  the  stations  main- 
tained by  the  Commission,  and  two  new  gauges,  at  Gray's  Point,  Mo., 
and  Columbus,  Ky.,  have  been  established.  This  service  has  beeii 
greatly  improved  during  the  past  year,  and  its  value,  both  as  an  aid  to 
navigation  and  as  a  source  of  hydraulic  data,  greatly  enhanced.  A 
small  steamer  has  been  purchased  and  equipped  for  the  duty  of  main- 
taining these  gauges  in  correct  position,  and  insuring  accuracy  of  record 
and  display.  This  boat  is  constantly  passing  up  and  down  the  river 
in  the  jierformanceof  this  as  her  principal  duty.  She  visits  each  gauge 
at  least  once  a  month.  The  daily  reactings  are  conspicuously  displayed 
on  bulletin  boards,  and  are  now  a  prominent  feature  of  the  records  kept 
by  pilots  for  their  mutual  information.  The  bulletins  are  frequently 
read  at  night  by  means  of  the  electric  light. 

Triangulaiion. — No  field  work  has  been  done  during  the  year.  The 
adjustment  and  reduction  of  previous  work  has  been  completed. 

Precise  levels. — The  line  has  been  continued  northward  along  the  rive^ 
from  Clinton,  Iowa,  to  Savannah,  111.  (22  miles),  and  thence  to  Lake  Mich- 
igan at  Chicago  (148  miles).  The  reduction  of  the  part  from  Clinton  to 
Savannah  and  also  of  the  remainder  of  the  line  from  Grafton  to  Keo- 
kuk has  been  completed. 

The  record  of  the  tide-gauge  on  the  Gulf  of  Mexico  has  been  contin- 
ued. Owing  to  the  considerable  discrepancies  in  the  means  of  diflferent 
lunations,  it  has  been  thought  unadvisable  to  terminate  the  series,  so 
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« 
that  the  mean  Gulf  level,  upon  which  all  elevations  are  finally  to  depend, 
remains  undetermined. 

Final  topography  and  hydrography,  on  the  same  scale  as  mentioned  in 
last  report,  has  been  completed  from  10  miles  above  Vicksburg  to  Don- 
aldsoDville,  a  distance  of  297  miles ;  from  Island  No.  1  to  Donaldson's 
Point,  60  miles;  from  Carnthersville  to  Plum  Point, 58 miles;  from  Kan- 
dolph  Point  to  Memphis,  15  miles ;  and  from  Commerce  Cut-off  to  Trot- 
tei^s  Landing,  33  miles,  making  a  grand  total  of  403  miles  of  river  sur- 
veyed during  the  year. 

in  connection  with  this  branch  of  work,  occasion  was  taken  to  repeat, 
in  the  fall  of  1882,  the  cross-sections  near  the  principal  crevasses  of  the 
preceding  Hood,  for  comparison  with  measurements  of  the  same  sections 
made  previous  to  the  Hood. 

Detail  charts  (scale  of  too oo)  from  Arkansas  City  to  Greenville,  and 
from  Lake  Providence  to  Waterproof,  comprising  100  miles  of  river,  have 
•  been  plotted  and  drawn  in  the  office.  In  addition,  the  remaining  sheets 
to  Donaldsonville  are  partially  com]>leted.  The  preparation  of  the  pre- 
hmiuary^hart  (one  inch  to  a  mile)  has  been  continued,  five  sheets,  ex- 
tending to  Rodney,  Miss.,  having  been  drawn,  and  five  sheets,  extending 
to  tlie  foot  of  Island  97,  published. 

Trans  aUuvial  levels. — The  system  of  lines  undertaken,  as  noted  in  the 
Report  of  tbe  Commission  for  1881,  p.  3,  to  obtain  information  as  to  the 
heights  of  the  alluvial  bottom  lands  and  their  reservoir  capacity,  was 
completed  during  the  past  year. 

Other  work  in  the  same  direction,  consisting  of  100  miles  of  levels  in 
the  country  between  Lower  Red  River  and  the  Atchafalaya,  has  been 
completed. 

Obserrafians. — The  series  of  measurements  at  l^aducah,  Columbus, 
Helena,  Hays'  Landing,  and  Red  Rtver  Landing,  which  closed  in  De- 
cember, 1882,  have  been  reduced.  The  measurements  of  escape  through 
crevasses  and  otherwise  were  repeated  for  the  flood  of  1883,  which  was, 
at  Cairo,  the  highest  on  record.  This  work  was  not  continued  below 
Vicksburg,  since  at  that  point  the  flood  was  several  feet  below  that  of 
1S82,  and  was  no  longer  of  unusual  magnitude. 

High  water  marks  and  slope. — The  collection  of  reliable  high-water 
marks  of  1883,  and  previous  years,  has  been  continued.  The  profile  of 
the  water  surface  was  determined  for  the  low  water  of  October,  1883, 
fi*om  Saint  Louis  to  New  Orleans. 

A  financial  statement  and  an  itemized  statement  of  the  expenditure 
of  the  appropriation  in  act  of  August  2,  1882,  appear  below. 

The  following  jrnpers  relating  to  the  work  of  surveys  and  examina- 
tions are  submitted  as  appendices  to  this  report : 

Appendix  A, — Annual  report  of  the  secretary  of  the  Commission  upon 
the  field  work  of  surveys  and  examinations. 

Appendix  B, — Repoit  upon,  and  final  results  of,  secondary  triangula- 
tion  from  Cairo  to  Keokuk. 

Appendix  C. — Report  upon,  and  results  of,  precise  leveling  from  Car- 
rollton  to  Biloxi,  and  from  Cairo  to  Fulton. 

Appendix  />. — Reports  upon  field  work  of  topography  and  hydrog- 
raphy. 

Appendix  E. — Report  upon  the  work  of  trans-alluvial  leveling,  with 
profiles  of  the  lines. 

Appendix  F. — Reports  upon  and  results,  of  observations  of  river  dis- 
charge at  various  x)oints. 

Appendix  G. — Report  upon  changes  of  the  Mississippi  River,  as  shown 
by  comparison  of  the  earliest  and  latest  authentic  surveys. 
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CONSTRUCTION. 

At  the  date  of  the  last  annnal  report  of  the  Commissiou,  December 
1,  1882,  work  had  beeu  fairly  inaugurated  on  the  Plum  Point  and  Lake 
Providence  Beaches,  and  also  in  the  vicinity  of  Memphis  and  Vicksburg, 
and  throughout  December  and  January  the  work  was  pushed  with  great 
vigor.  Unfortunately  the  extremely  cold  weather  interfered  seriously 
with  the  stone  supply  from  the  Ohio  and  Upper  Mississippi,  the  running 
ice  at  times  entirely  cutting  oft'  access  to  the  quarries.  As  a  consequence 
of  this  there  was  a  large  accumulation  of  mattress  work,  both  for  bank 
revetment  and  for  pile-dike  foot  mats,  which  was  afloat  in  place,  but  un- 
sunk  for  lack  of  stone.  In  this  condition  of  affairs,  early  in  February 
the  river  began  to  rise  rapidly,  bringing  down  great  quantities  of  drift, 
while  the  heavy  running  ice  on  the  Mississippi  and  Ohio  still  prevented 
the  procuring  of  an  adequate  supply  of  stone.  Efforts  were  made  to 
use  sacks  of  sand  insteail,  but  without  much  success,  and  at  both  Plum 
Point  and  Lake  Providence  a  considerable  amount  of  mattress  work 
was  lost.  At  the  former  place  the  uncompleted  pile  dikes  alsq  suffered 
considerable  damage  from  the  accumulation  of  drift  and  the  strong  cur- 
rent, due  to  the  rapid  rising  of  the  river.  This  rise  continued,  and 
finally  culminated  in  a  flood  nearly  as  great  as  that  of  1882,  and  thence- 
forth a  very  high  stage  of  water  prevailed  continuously  until  about  the 
end  of  July.  During  this  period  work  Wiis  continued,  though  under 
very  great  disadvantages,  and  was  of  necessity  mainly  confined  to  work 
on  the  dikes,  which  required  constant  watching  and  repairs  during  this 
long-continued  high  water. 

After  the  subsidence  of  the  flood  the  construction  of  mattresses  for 
bank  revetment  was  resumed,  but  the  season  proved  unusually  sickly, 
and  labor  was  scarce  and  inefficient.  Nothing  of  consequence  was  ac- 
complished until  the  advent  of  the  cool  weather  in  the  fall,  since  which 
time  work  has  i)rogressed  favorably  and  rjipidly.  Every  endeavor  has 
been  made  to  place  the  work  in  a^  safe  a  condition  as  possible,  but  it 
is  greatly  to  be  feared  that  this  can  only  be  partially  accomplished,  as 
the  funds  now  available,  the  balance  of  last  year's  appropriation,  will 
only  admit  of  carrying  on  active  operations  till  about  the  middle  of 
December,  after  which  time  all  work  must  cease  until  Congress  makes 
a  further  appropriation  for  its  prosecution.  The  Commission  feel  that 
they  cannot  too  strongly  urge  upon  Congress  the  necessities  of  the  case 
and  the  need  of  early  relief,  as  the  flood  season  with  all  its  attendant 
danger  is  close  at  hand,  and  the  Commission  before  that  time  will  have 
exhausted  all  its  available  funds,  only  reserving  such  amounts  as  are 
absolutely  needed  for  the  care  and  preservation  of  the  extensive  and 
costly  plant  belonging  to  the  works.  An  appropriation  of  81,000,000 
made  immediately  could  be  advantageously  used. 

The  past  year,  with  its  many  vicissitudes,  has  been  fruitful  in  valu- 
able experience,  experience  which  was  much  needed,  in  view  of  the  mag- 
nitude and  of  the  untried  difticulties  of  the  work. 

This  experience  has  shown  that  the  principles  upon  which  the  Com- 
mission have  based  their  work  are  perfectly  sound,  end  in  this  respect 
no  modification  seems  necessary,  though  with  regard  to  details  of  con- 
struction some  changes  have  been  called  for. 

The  contraction  works,  consisting  essentially  of  dikes  of  piling,  sus- 
taining curtains  or  screens  of  brush,  proved  generally  too  weak  for  the 
work  imposed  upon  them.  The  great  depth  of  water  in  which  they 
aiust  be  maintained,  the  enormous  accumulations  of  floating  drift,  and 
the  long  duration  of  the  high- water  period,  are  the  main  points  in  which 
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onr  exi)erience  differs  from  any  previously  noted  with  similar  structures 
ut  other  localities.  This  has  necessitated  much  more  substantial  work 
than  \?as  at  first  deemed  necessary,  with  a  proportionate  increase  of 
cost.  It  should,  however,  be  noted  with  regard  to  these  works,  upon 
which  the  main  damage  experienced  has  been  concentrated,  that  they 
are  not  necessarily  permanent  in  their  nature,  and  are  only  intended  to 
effect  certain  definite  results,  viz,  the  silting  up  of  certain  portions  of 
the  river  bed.  When  this  object  has  been  accomplished  their  work  is, 
as  a  rule,  ended,  anil  their  maintenance  will  no  longer  be  required. 
31eanwh]le,  from  their  position  and  the  styleof  their  construction,  more 
or  less  damage  at  each  recurring  flood  is  inevitable  and  must  be  ex- 
{>ecte<l;  but  such  damage  should  be  made  good  as  soon  as  possible, 
and  the  general  continuity  of  the  dikes  preserved,  in  order  to  obtain 
promptly  the  desired  results. 

The  revetment  work  undertaken,  wherever  completed,  has  proved 
entirely  Huccessful,  and  but  slight  modification  in  the  general  style  and 
in  details  of  construction  has  been  found  necessary.  As  the  oflicers  and 
men  gain  skill  and  confidence  in  this  work,  better  results,  both  as  re- 
gards rapidity  of  execution  and  economy  in  cost,  may  be  expected. 

>'ext  to  the  scarcity  of  labor,  the  greatest  difficulty  met  with  has  been 
the  insuring  of  an  ample  and  timely  supply  of  the  materials  used  in  con- 
struction, especially  brush  and  stone.  Already  the  local  supply  of 
brush  on  the  works  is  about  exhausted,  and  it  has  to  be  sought  either 
up  or  down  the  river  at  points  60  or  70  miles  distant  from  the  works. 
The  bulk  of  the  stone  needed  has  to  be  brought  from  above  Cairo,  as 
the  few  local  sources  of  supply  are  entirely  inadequate  to  the  demands 
of  the  work.  This  has  created  a  demand  for  transportation  which  has 
taxed  the  resources  of  the  Commission  to  the  very  utmost,  and  aconsidera- 
ble  increase  in  the  number  of  barges  and  tow-boats  at  their  disposal  must 
l>e  made  as  soon  as  funds  for  the  purpose  are  available.  In  other  re- 
sp<  cts  the  plant  on  hand  seems  adequate  for  the  work  and  generally 
efficient ;  though  it  is  proper  to  state  here  that  the  plant  provided  for 
commencing  work  on  the  New  Madrid  Reach,  and  part  of  that  procured 
for  the  Memphis  Reach,  has  been  absorbed  by  the  works  at  Plum  Point 
and  Lake  Providence. 

With  regard  to  the  results  due  to  the  still  far  from  completed  works 
it  would  seem  premature  to  speak;  nevertheless  these  results  have  been 
so  remarkable  that  they  cannot  be  overlooked.  During  the  months  of 
September  and  October  the  river  below  Cairo  was  extremely  low  and 
navigation  was  carried  on  with  great  difficulty.  Between  Cairo  and 
the  Plum  Point  Reach  there  was  but  5J  feet  and  6  feet  of  water  at 
several  points;  between  that  reach  and  Memphis  and  as  far  down  as 
Commerce  Cut-off,  40  miles  below  Memphis,  6  feet  was  found.  From 
this  x>oint  to  the  head  of  the  Lake  Providence  Reach  there  was  but  7 
feet  available,  and  between  the  Lake  Providence  Reach  and  Vicksburg 
hut  0  feet.    Below  Vicksburg  there  were  not  less  than  lOJ  feet. 

During  all  previous  low-water  seasons,  when  similar  depths  have 
l»een  reported,  Plum  Point  and  Lake  Providence  Reaches  have  been 
lully  as  shoal  as  any  points  on  the  river,  and  as  a  rule  shoaler  than  any- 
thing in  their  immediate  vicinity;  yet  during  the  present  season  there 
was  not  less  than  12  feet  depth  through  these  two  reaches,  and  at  Lake' 
Providence,  during  the  lowest  water,  over  16  feet  was  reported.  Thus 
these  two  long  stretches  of  habitually  difficult  navigation  showed  this 
year  a  depth  twice  as  great  as  the  bars  above  and  below  them,  and  this 
result  can  only  be  attributed  to  the  works  executed  by  the  Commission. 
That  such  truly  remarkable  effects  should  have  been  produced  by  the 
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works  in  their  unfinished  condition  is  extremely  encouraging  as  regards 
the  ultimate  success  of  the  improvement. 

As  stated  in  their  last  report,  the  Commission  have  caused  surveys 
to  be  made  of  the  New  Madrid,  Memphis,  Helena,  and  Choctaw  Eeacbes, 
with  a  view  to  preparing  detailed  plans  for  their  improvement  when 
funds  for  the  purpose  become  available.  Allotments  were  made  for 
New  Madrid  and  Memphis  Reaches,  and  a  considerable  amount  of  plant 
procured  lor  beginning  work  thereon,  but  owing  to  the  non-passage  of 
the  river  and  harbor  bill  it  was  decided  to  be  inexpedient  to  undertake 
this  work  for  the  present,  and  such  portion  of  the  New  Madrid  allotment 
as  had  not  been  expended  for  plant  was  reallotted  to  Plum  Point  and 
Lake  Providence.  On  the  Memphis  Heach  work  outside  of  the  harbor 
proper  was  confined  to  the  revetment  of  Hopefield  Bend,  a  few  miles 
above  Memphis. 

The  surveys  ordered  at  the  mouth  of  lied  River,  and  for  a  lock  at 
Bayou  Plaquemine,  have  not  yet  been  completed,  owing  to  the  extremely 
unhealthy  character  of  the  season,  which  has  rendered  it  almost  impos- 
sible to  keep  a  survey  party  in  the  field.  For  the  same  reason  the  sur- 
vey ordered  at  Natchez  Harbor  has  not  yet  been  undertaken.  At  Mem- 
phis Harbor  the  work  in  progress  at  date  of  last  report  under  a  special 
^illotmentby  the  Commission. has  been  completed,  and  the  same  is  true 
of  the  revetment  at  Delta  Point,  Louisiana,  opposite  Vicksburg. 

The  allotment  for  dredging  in  Vicksburg  Harbor  was  partially  ex- 
pended in  that  manner,  though  the  work  is  now  suspended  lor  reasons 
set  forth  further  on.  At  the  mouth  of  Red  River  the  same  means  for 
maintaining  navigation  were  resorted  to  as  in  several  previous  years. 
Thoy  were  attended  by  failure,  as  in  1881,  and  for  similar  reasons. 

At  New  Orleans  the  construction  of  a  mattress  revetment  in  Carroll- 
ton  Bend  has  been  begun  and  is  now  in  progress. ' 

On  all  the  portions  of  the  river  under  improvement  repeated  surveys 
have  been  made  to  note  any  changes  which  might  occur,  and  especially 
those  due  to  the  works  constructed.  At  New  Orleans,  in  addition,  a 
series  of  discharge  measurements,  covering  nearly  a  full  ^^ar,  have  been 
made. 

Tbe  details  of  administration,  and  the  division  of  the  river  into  four 
working  districts,  have  remained  throughout  the  year  as  described  in  our 
last  annual  report. 

Full  details  as  to  expenditures  will  be  found  in  the  financial  state- 
ments appended  to  this  report. 

WORKS    BELOW    CAIRO. 

FIRST  DISTRICT, 

(Cairo  to  foot  of  Island  No.  40,  220  miles  in  length.     Officer  in  charge,  Capt.  J.  G.  D. 
Knight,  Corps  of  Engineers,  U.  S.  A.) 

HEADgrARTKBS,  CAIRO,  IlL. 

In  this  district  are  included  the  New  Madrid  and  Plum  Point  Reaches. 
The  former  extends  from  the  head  of  Island  No.  8,  42  miles  below  Cairo, 
to  the  foot  of  Island  No.  14,  a  distance  of  GO  miles ;  and  the  latter  from 
the  head  of  Island  No.  2G,  147  miles  below  Cairo,  to  the  head  of  Island 
No.  35,  a  distance  of  40  miles. 

NEW   MADRID  REACH. 

A  low-water  survey  of  this  reach  was  ordered  in  August,  1882,  and 
was  carried  out  during  the  fall  and  early  winter.    The  maps  of  this  sur- 
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vev  have  been  completed,  but  no  project  for  work  lias  as  yet  been  pre- 
pared. With  the  expectation  of  beginning  work  on  this  reach  the  Com- 
mission aathorized  the  procuring  of  the  following  plant,  viz:  20  pile- 
drivers,  40  barges,  1  machine  shop,  6  quarter-boats,  4  200-feet  mattress 
boats,  6  100- feet  mattress  boats,  0  screen  boats,  and  40  skiffs.  Of  this 
list,  the  pile-drivers,  barges,  and  machine  shop  have  been  built  and  as- 
signed  to  other  works. 

On  December  19,  1882,  it  was  decided  to  suspend  such  portion  of  the 
allotment  as  was  not  needed  to  pay  for  plant  which  could  be  utilized 
elsewhere,  and  on  March  10,  1883,  $300,000  of  the  allotment  was  trans- 
ferred to  l*lum  Point,  and  the  balmce,  $187,500,  to  Lake  Providence. 

This  action  of  the  Commission  was  rendered  necessary  by  the  failure 
of  the  river  and  harbor  bill,  as  it  was  deemed  far  more  important  to  push , 
tbe  works  already  begun  at  Plum  Point  and  Lake  Providence  as  far 
along  as  possible  than  to  attempt,  with  inadequate  means,  to  initiate 
the  improvement  of  another  reach.  Nevertheless,  in  the  interest  of  nav- 
igation, this  improvement  should  be  undertaken  at  as  earl-y  a  date  as 
practicable,  as  the  bars  on  the  reach  were,  during  the  recent  low  water^ 
the  shoalest  and  most  troublesome  on  the  river. 

PLUM  POINT  REACH. 

The  work  so  far  decided  on  for  this  reach  comprises  a  system  of  lon- 
gitudinal and  cross  dikes  designed  to  close  the  chutes  behind  Elmot 
Bar  and  Island  No.  30,  a  similar  system  for  closing  the  chutes  behind 
Osceola  and  Bullerton  Tow-heads,  and  a  third  system  designed  to 
contract  the  water-way  between  Bullerton  Tow-head  and  Yankee  Bar, 
together  with  bank  revetment  on  the  left  bank  from  Ashport  to  Gold 
Dnst,  on  the  right  bank  from  Fletcher's  to  Elmot's,  and  from  Petty's 
to  Craighead  Point,  and  along  the  outside  of  Osceola  and  Bullerton 
Tow-heads.  Of  this  work  at  the  date  of  the  last  report  there  had  been 
constructed  2,700  feet  of  revetment  near  Ashport,  and  the  head  of  Bul- 
lerton Tow-head  had  also  been  protected.  The  longitudinal  dike  of  the 
Elmot  or  Gold  Dust  system  had  been  built  in  part,  as  also  a  dike 
across  the  middle  chute  through  Osceola  Bar.  The  dike  across  the 
head  of  Osceola  Chute  was  completed,  and  the  one  connecting  Osceola 
and  Bullerton  •  Tow-heads  was  partly  built.  Subsequently  live  cross- 
dikes  were  commenced  in  Elmot  Chute,  and  partly  completed.  Mat- 
tresses were  constructed  along  the  outside  of  Bullerton  and  Osceola  Tow- 
heads,  and  wide  foot-mats  along  the  outside  of  the  various  dikes.  Nearly 
all  this  mettress  work  was  afloat  when  the  river  began  rising  in  February, 
1883,  owing  to  the  failure  in  the  stone  supply  before  alluded  to.  At- 
tempts were  made  to  sink  the  mattresses  with  bags  of  sand,  but  with- 
out success.  The  ri>|er  rose  very  rapidly,  and  brought  down  immense 
qnantities  of  drift,  wnich  accumulated  under  and  against  the  floating 
mattresses,  and  finally  tore  them  from  their  fastenings.  In  this  manner 
a  large  amount  of  the  mettress  work  which  had  been  constructed  was 
lost,  and  all  attempts  to  renew  it  during  the  high  water  proved  ineflectual. 
In  similar  manner  the  drift  accumulated  against  the  pile  dikes.  The 
foot-mats  were  either  carried  away  or  doubled  np  and  destroyed,  and 
the  pressure  of  the  masses  of  drift,  aided  no  doubt  by  scour  around  the 
piles,  overturned  a  large  portion  of  the  dikes  which  had  been  constructed.. 
These  breaks  in  the  dikes  relieved  considerably  the  pressure  against  the 
remaining  portions,  and  the  greatest  damage  was  confined  to  the  first 
few  weeks  of  the  flood.  Subsequently  these  dikes  were  in  great  part 
reconstructed  in  a  much  more  substantial  manner.    Four  cross-dikes 
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were  ordered  iu  Osceola  Chute,  of  which  three  have  been  constructed, 
and  two  iu  Bullerton  Chute,  the  first  of  which  only  has  been  in  part 
constructed,  as  the  chute  has  been  the  channel  during  the  low-water 
season.  It  is  hoped  that  all  these  cross-dikes  can  be  finished  before  the 
close  of  active  operations. 

The  third  system  of  dikes  below  Plum  Point  has  been  begun,  and 
cross-dikes  Nos.  1  and  2,  with  part  of  the  main  dike,  have  been  built. 

In  all,  there  is  now  standing  on  this  reach  37,815  feet  of  pile  dike. 

The  revetment  of  the  outside  of  Bullerton  Tow-head  has  been  com- 
pleted during  the  present  season,  as  also  that  of  the  head  of  Lower 
Osceola  Tow-bead.  The  revetment  of  the  outside  of  this  tow-head  could 
not  be  renewed  for  want  of  funds.  The  revetment  of  Ashport  has  not 
been  extended  for  the  same  reason.  It  has  remained  intact  during  the 
year.  In  spite  of  the  damage  which  they  sustained,  the  dikes  did  grood 
service,  and  a  general  and  extensive  fill  was  noticed  behind  them.  Had 
they  been  held  intact  their  effect  would  undoubtedly  have  been  much 
greater. 

The  crossing  from  Plum  Point  to  Bullerton  was  moved  down  stream 
a  considerable  distance,  but  the  failure  of  the  Bullerton  Dikes  enabled 
the  river  at  low  water  to  cut  through  into  that  chute  and  maintain  a 
channel  there.  It  is,  however,  hoped  and  expected  that  the  next  hi^h 
water  will  break  down  the  bar  outside  and  esUiblish  a  channel  to  the 
left  of  the  tow  head,  where  it  is  desired  to  locate  it. 

The  effect  of  the  partial  concentration  of  the  water  on  those  portions 
of  the  reach  under  improvement  was  very  marked  during  the  late  low- 
water  season.  The  depth  of  water  was  not  less  than  12  feet,  doable 
the  amount  found  on  the  unimproved  portions  of  the  river  above  and 
below. 

For  details  of  work  in  this  district  see  report  of  Capt.  J.  G.  D.  Knight, 
Corps  of  Engineers,  Appendix  J. 

SECOND  DISTRICT, 

(Foot  of  Island  No.  40  to  month  of  White  River,  180  miles  in  length.    Officer  in 
charge,  Maj.  A.  M.  Miller,  Corps  of  Engineers,  U.  S.  A.) 

Hbadquartkrs,  Mjemfhis,  Tsnk. 

> 

In  this  district  are  included  the  Memphis  and  Helena  Reaches,  the 
first  extending  from  the  foot  of  Island  No.  40,  220  miles  from  Cairo,  to 
Scanlan's  Landing,  a  distance  of  27  miles,  and  the  second  extending  from 
Commerce  Cut-off,  270  miles  from  Cairo,  to  Friar's  Point,  a  distance  of 
55  miles. 

The  first  reaeh  includes  Memphis  Harbor. 

MEMPHIS  HARBOR. 

This  work,  which  has  been  in  progress  several  years  under  the  Engi- 
neer Department,  United  States  Army,  was  carried  on  last  year  under 
the  su))ervision  of  the  Commission  and  by  special  allotment  from  the 
general  appropriation. 

The  protection  of  the  caving  bank  by  mattress  revetment  from  the 
freight  elevator  to  Wolf  River  was  completed  in  February,  1883.  In 
all,  since  our  last  report,  5  mattresses  covering  300  linear  feet  of  bank 
have  been  constructed  and  sunk,  and  the  upper  bank  has  been  graded 
and  covered  with  stone  throughout  the  whole  distance,  with  the  excep- 
tion of  two  gaps,  aggregating  450  feet.    This  revetment  passed  through 
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the  great  flood  of  1883  without  any  damage  and  is  reported  in  perfect 
order. 

MEMPHIS  REACH. 

A  low- water  survey  of  this  reach  has  been  completed,  but  no  project 
for  it^  improvement  has  as  yet  been  prepared. 

It  had  been  the  intention  of  the  Commission  to  begin  work  on  this 
reach,  and  a  considerable  amount  of  plant  was  ordered  for  the  purpose ; 
bpt  owing  to  Uie  failure  of  the  appropriation,  work  was  confined  during 
the  year  to  the  construction  of  a  mattress  revetment  in  Hopefield  Bend, 
where  the  right  bank  was  rapidly  caving  and  threatening  the  harbor  of 
Memphis.  This  work  was  begun  in  December,  1882,  and  carried  on  till 
February,  1883,  when  it  was  stopped  by  the  rapidly  rising  river,  1,127 
feet  of  mattress  revetment  having  been  to  that  time  constructed  and 
sank.  Work  could  not  be  resumed  till  August,  1883,  and  is  still  in  pro- 
gress. To  date  14,485  feet  of  bank  have  been  protecied,  the  under- water 
mattress  being  140  feet  wide.  That  portion  which  was  first  put  in  has 
stood  i>erfectly  well,  although  the  water  was  five  feet  deep  on  top  of  the 
bank  during  the  flood  of  1883.  It  will  be  necessary  to  carry  this  revet- 
ment down  to  Hopefield  Point,  and  also  to  revet  about  i  mile  of  the  left 
bank  below  the  mouth  of  Frame  Chute. 

HELENA  REACH. 

A  low- water  survey  of  this  reach  has  been  made,  but  no  project  for 
its  improvement  has  as  yet  been  prepared. 

For  details  of  work  in  this  district  see  report  of  Maj.  A.  M.  Miller, 
Uuited  States  Engineers,  Appendix  K. . 

THIRD  DISTRICT. 

(Month  of  White  River  to  Warrenton,  Miss.,  220  miles  in  length.    Officer  in  charge, 
Capt.  W.  L.  Marshall,  Corps  of  Engineers,  U.  S.  A.) 

BBAnqUABTBBS,  VlCKSDURG,  MI88. 

In  this  district  are  included  the  Choctaw  Beach,  extending  from 
Cork's  Point,  Arkansas,  422  miles  below  Cairo,  to  Arkansas  City,  a  dis- 
tance of  31  miles;  the  Lake  Providence  Beach,  extending  from  Caroliua 
Landing,  Mississippi,  530  miles  below  Cairo,  to  the  foot  of  Island  No.  95, 
a  distance  of  35  miles;  and  also  the  improvement  of  Vicksburg  Harbor. 

CHOCTAW  REACH. 

A  low- water  survey  of  this  reach  has  been  made,  but  no  project  for 
its  improvement  has  as  yet  been  prepared. 

LAKE  PROVIDENCE  REACH. 

At  date  of  last  report  work  on  this  reach  was' going  on  actively,  and 
considerable  progress  had  been  made  on  the  pile  dikes  closing  the  chutes 
behind  Skipwith's  and  Duncansby  Tow-heads,  Island  No.  93,  Bale- 
shed  Bar,  and  Stack  Island ;  and  revetment  was  in  progress  along  the 
face  of  Island  No.  93.  During  the  past  season  this  work  has  been  con- 
tinned,  the  revetment  of  Louisiana  Bend  has  been  begun,  as  also  the 
dikes  closing  Hopewell  or  Elton  Chute. 

In  Louisiana  Beiid  the  work  of  revetting  the  bank  has  been  com- 
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menced  aud  to  date  about  half  a  mile  has  been  completed.  This  is  a. 
work  offering  peculiar  difficulties,  the  water  being  over  100  feet  deep  at 
low  water,  while  at  high  stages  work  is  impossible,  owing  to  the  great 
depth  of  water  and  the  extremely  rapid  current.  This  very  important 
work  was  much  delayed  by  the  difficulty  in  procuring  labor  and  must 
soon  be  8toi)ped  for  lack  of  funds.  The  work  completed  will  be  in  a 
very  precarious  condition  during  the  next  high  water,  as  the  cavinj*; 
during  the  last  two  years  has  aggregated  1,500  feet  in  width.  The  hold- 
ing of  this  shore  line  is  absolutely  essential  on  account  of  its  influence 
on  the  direction  of  the  river  below.  The  caving  which  took  place  last 
year  caused  considerable  damage  to  the  Duncansby  system  of  dikes,  as 
will  be  described  farther  on. 

The  Duncansby  system  of  dikes  is  intended  to  exclude  the  river  from 
the  left-hand  chute  in  front  of  Duncansby  and  Skipwith's  Landings* 
The  first  series  built  comprised  five  cross-dikes,  and  a  longitudinal 
dike  extending  to  the  lower  tow-hciid  in  front  of  Skipwith's  Landing. 
The  longitudinal  was  a  high  dike ;  the  cross-dikes  were  only  carried  to 
the  17-foot  stage.  The  channel,  when  the  work  began,  led  into  Skip- 
with's Chute,  passing  between  the  two  tow-heads.  This  channel  has 
been  completely  silted  up,  and  the  greater  portion  of  the  enftre  chute 
is  dry  at  low  water,  but  the  caving  in  Louisiana  Bend,  above  Pilch- 
er's  Point,  during  the  last  high  water,  threw  the  channel  across  the 
river,  striking  high  up  on  the  Mississippi  shore,  and  the  works  at  the 
head  of  tbe  chute  were  severely  attacked,  and  suftered  considerable 
damage.  As  it  was  deemed  desirable  to  hold  this  line  as  long  as  pos- 
sible, in  order  to  allow  time  for  the  chute  to  fill  up  and  for  the  new  chan- 
nel to  develop  itself  to  the  right  of  the  tow-heads,  three  additional  cross- 
dikes  w^ere  built  in  the  chute,  and  a  screened  dike  above  the  head  of  the 
upper  tow-head.  Later  on  the  head  of  the  tow-head  was  revetted,  but 
the  water  wx^nt  entirely  over  it  and  cut  a  channel  through  behind  the 
revetment.  A  heavy  dike  was  also  begun  on  range  No.  .^6,  and  all  the 
upper  dikes  of  the  system  are  being  strengthened,  so  as,  if  possible,  to 
keep  the  river  out  of  the  left-hand  chute  during  the  coming  high  water. 

Tbe  Me.>  ersville,  or  Island  No.  93  system,  includes  a  main  dike  and 
three  cross-dikes  on  Cottonwood  Bar,  which  are  not  yet  built,  a  dike 
across  the  head  of  Island  No.  93,  built  last  year  to  the  17-foot  stage,  and 
a  high  cross-dike,  to  30-foot  stage,  built  across  the  chute  at  Meyersville 
Lauding.  These  dikes  have  proved  quite  effective  and  the  chute  now 
goes  dry  at  low  water. 

Previous  to  the  rise  in  February-,  1883,  1 J  miles  of  low-water  revet- 
ment had  been  constructed  on  the  outside  of  Island  No.  93,  and  the  up- 
per bank  protection  had  been  completed  for  1 ,700  feet  at  the  upper  end ; 
of  this,  the  last  225  feet  had  not  been  properly  ballasted  for  lack  of 
stone  and  was  carried  away.  All  the  revetment  below  this  point  was 
also  lost  for  lack  of  protection  of  the  upper  bank.  This  work  had  there- 
fore to  be  renewed  this  season  and  is  now  in  progress. 

At  the  foot  of  Island  No.  93  begins  the  Baleshed  system  of  dikes.  It 
comprises  a  longitudinal  dike  extending  from  the  Mississippi  shore  at 
Homochitto  Lamling  to  the  head  of  Stack  Island.  Behind  this  longi- 
tudinal are  twelve  cross-dikes.  Part  of  the  longitudinal  and  four  of  the 
cross-dikes  were  built  last  year,  but  only  to  the  17-foot  stage.  Subsequent 
to  February,  1883,  and  during  the  high  water,  work  was  carried  on ;  all 
the  cross-dikes  were  raised  and  strengthened,  and  eight  others  were 
built.  All  the  new  dikes  extend  to  above  the  25-foot  stage,  they  are 
built  with  from  3  to  5  rows  of  piles  and  are  wattled  to  a  height  of  G  feet 
above  the  present  bar  surface.    Six  of  the  cross-dikes  are  complete  from 
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the  shore  to  the  longitadinal,  the  six  others  have  not  yet  been  carried 
across  the  deep  water.  All  the  cross-dikes  have  foot  mats,  and  the 
loDgitadinal  has  outside  of  it  a  100-foot  mat  and  a  grillage  mat  and  wat- 
tling wherever  cross  channels  have  been  developed.  The  effect  of  these 
dikes  has  been  very  marked,  a  great  fill  having  been  secured  behind 
them,  with  a  corresponding  deei>ening  in  the  channel  outside.  In  this 
system  28,000  feet  of  dike  have  been  built  during  the  year. 

Mach  trouble  was  experienced  at  Stack  Island  where  the  river  had 
established  itself  in  the  left-hand  chute.  This  chute  was  over  80  feet 
deep  at  low  w.ater,  and  the  Elton  or  Hopewell  Chute  on  the  other  side 
of  tiie  river  was  over  30  feet  deep.  The  new  channel,  as  projected, 
crossed  directly  over  Hopewell  Bar.  An  open  pile  dike  was  built 
above  the  head  of  Stack  Island  to  check  the  flow  into  that  chute,  and  six 
short  spurs  from  the  right  bank  were  thrown  across  the  Elton  or  Hope- 
well Chute.  When  these  works  were  completed  the  river  broke  through 
on  the  line  desired,  removing  immense  masses  of  sand  and  establish- 
ing itself  in  the  position  desired.  These  works  must,  however,  doubt- 
less be  extended  in  order  to  keep  it  there. 

The  general  result  of  the  works  has  been  a  very  marked  increase  of 
depth  at  low  water.  During  the  past  season  there  was  not  less  than 
12  feet,  and  at  the  lowest  water  where  the  channel  had  cut  out  there 
was  over  15  feet. 

The  systems  of  construction  described  last  year  have  not  been  ma- 
terially altered  except  in  the  direction  of  giving  greater  strength  to 
the  dikes,  which,  as  now  made,  are  much  stronger,  having  from  3  to  5 
rows  of  piles,  and  being  all  provided  with  foot  mats.  In  3-row  dikes 
the  mid<Ue  row  is  wattled,  in  5-row  dykes  the  wattling  is  on  the  2d  and 
4th  rows.  Wattling  has  replaced  the  curtains  or  inclined  mats  used 
last  year,  being  found  cheaper  and  more  efficient. 

In  revetment  work  the  hurdle  mattresses  described  in  our  last  report 
are  still  used,  the  only  modification  being  the  introduction  alongside 
the  poles  of  jointed  iron  rods  of  f  or  |  inch  iron  for  the  purpose  of  in- 
creasing the  longitudinal  strength. 

VICKSBURO  HARBOR. 

Prior  to  August,  1882,  work  at  this  locality  had  been  for  several  years 
in  progress  under  the  Engineer  Department,  United  States  Army.  Since 
that  time  it  has  been  carried  on  under  the  supervision  of  the  Commission, 
and  has  received  an  allotment  from  the  general  appropriation.  Previous 
to  this  past  season,  work  had  been  confined  to  the  revetment  of  Delta 
Point,  opposite  Vicksburg,  and  the  continuation  of  this  work  was  in 
progress  at  the  date  of  our  last  report.  At  that  time  1,100  feet  of  the 
new  work  had  been  completed.  Subsequently  the  work  was  continued 
with  bat  slight  modifications  till  February  10,  when  the  allotment  was 
exhausted.  In  all,  4,000  linear  feet  of  substantial  revetment  was  con- 
structed, leaving  about  500  feet  to  be  built  this  winter.  The  cost  of 
this  revetment,  which  it  is  believed  will  be  rarely,  if  ever,  exceeded,  was 
$13.37  per  linear  foot.  It  passed  through  the  last  flood  without  any  dam- 
age, and  seems  to  be  in  every  respect  satisfactory.  The  plan  of  improve- 
ment proposed  for  the  harbor  proper  of  Vicksburg  contemplated  the  ex- 
cavation of  a  basin  in  front  of  the  town,  connected  by  a  canal  with  the 
deep  water  in  the  river.  For  this  season  it  was  proposed  to  excavate  a 
basin  300  feet  wide  and  1,700  feet  long  in  front  of  the  elevator,  and  to  con- 
t»ect  it  with  deep  water  in  the  lake  by  a  canal  150  feet  wide,  the  west  en- 
trance to  the  lake  being  also  kept  open.  All  dredging  was  to  be  to  the 
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zero  of  the  Yicksbarg  gauge.  The  contract  for  this  dredging  was  let  at 
12.1  cents  per  cubic  yard  and.  after  many  delays,  work  was  finally  began 
on  April  6,  and  continued  till  September  18,  when  the  Commission  d<»cided 
to  stop  it.  During  this  time,  350,035  cubic  yards  of  mud  were  removed. 
The  basin  for  a  width  of  IGO  feet  was  dredged  to  the  zero  of  the  gauge, 
and  for  a  further  width  of  160  feet  to  the  reference  +  5  feet.  The  canal 
was  excavated  for  a  width  of  80  feet  to  the  zero  plane,  and  an  attempt 
was  made  to  dredge  the  west  entrance  to  the  lake,  which,  since  the  pro- 
ject had  been  approved,  had  filled  up  to  the  extent  of  17  feet.  The  ma- 
terial was  hard  sand  and  the  dredging  was  so  difScult  that  it  was  or- 
dered to  be  abandoned  on  August  22.  As  the  river  fell,  the  sides  of 
the  dredged  basin  slid  in  and  the  bottom  was  pushed  up  by  the  weight 
of  the  soft  mud  lying  beyond  the  dredged  area.  This  upheaval  amounted 
to  about  8  feet  in  depth,  and  the  basin  was  re-exoavated  for  a  width  of 
90  feet  to  the  zero  plane.  Meanwhile,  the  continued  fall  of  the  river 
surface  gave  a  considerable  head  to  the  water  impounded  in  the  lake, 
and  it  finally  cut  through  the  sand-bar  at  the  west  entrance,  so  that 
now  boats  drawing  5  feet  are  able  to  enter  at  a  12-foot  stage,  whereas 
before,  at  the  20-foot  stage,  all  boats  were  excluded. 

This  eifect,  while  very  fortunate  for  the  town,  is  in  nowise  perma- 
nent, as  this  cut  will  certainly  fill  up  at  the  next  high  water,  and  may 
not  9ut  out  again  so  readily.  A  survey  was  made  at  low  water,  which 
showed  that  since  May,  or  while  the  river  was  declining,  a  fill  had  taken 
place  over  the  areacovered  by  the  proposed  canal  and  basin  amounting 
to  from  5  to  20  feet  in  depth.  Prior  to  May  the  fill  had  only  been  about 
one  foot.  On  the  line  of  the  proposed  canal  alone  the  removal  of 
1,255,486  cubic  yards  more  than  originally  estimated  has  already  be- 
come necessaiy .  It  is  needless  to  say  that  the  Commission,  in  approving 
this  plan,  had  not  anticipated  such  a  state  of  affairs  as  this.  Kepeated 
surveys,  extending  over  the  whole  period  since  the  formation  of  the  cut- 
off, had  shown  that  the  fill,  gradually  diminishing  in  its  yearly  incre- 
ment, had  finally  practically  ceased  as  far  as  the  inner  harbor  was  con- 
cerned, and  only  on  this  condition  could  the  plan  have  been  recom- 
mended. When  confronted  by  such  an  enormous  fill,  taking  place,  more- 
over, on  the  falling  stage  of  the  river,  and  requiring  in  consequence  to 
be  removed  during  the  low- water  stage,  it  became  obviously  necessary  to 
call  a  halt  until  the  matter  could  be  further  investigated.  Such  an  an- 
nual fill  as  this  will  require  $200,000  for  its  removal,  and  as  it  must  be 
done  during  the  low- water  period,  it  would  require  a  large  fleet  of  dredges 
to  accomplish  it.  tSome  changes  have  recently  taken  place  at  Young's 
Point,  and  above  Delta,  which  have  tended  to  throw  the  river  nearer  to 
Yicksburg.  The  eddy  current  up  the  east  arm  of  the  lake  was  ob- 
served to  be  greatly  increased  after  June  1,  and  undoubtedly  caused  the 
great  deposit.  It  is  quite  possible  that  this  increased  flow  was  due  to 
tke  changes  alluded  to.  If  this,  however,  be  the  case,  these  changes 
may  progress  still  further,  and  the  annual  fill  may  become  even  greater ; 
in  any  case  it  would  be  extremely  unwise  to  attempt  any  further  prose- 
cution of  the  plan  for  the  present.  The  diversion  of  the  Yazoo  into  the 
lake  has  been  proposed  with  a  view  to  keeping  it  open ;  but  this  is  esti- 
mated to  cost  $1,600,000,  and  the  excavation  of  the  canal  $766,000.  The 
removal  of  the  annual  deposit  will  cost  $200,000.  or  say  $2,600,000  for 
the  whole  project,  with  no  certainty  as  to  the  results.  The  annual  com- 
merce of  Yicksburg  is  10^  millions  of  dollars. 

The  following  projects  have  been  proposed : 

Ist.  To  abandon  the  lake  and  establish  the  town  landing  at  Kleins- 
ton,  holding  Delta  Point  securely  by  extending  the  revetment  Tliis 
latter  must  be  done  in  any  case. 
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2d.  To  dredge  the  west  entrance  annnaHy,  and  to  keep  the  basin  clear. 
This  would  be  temporary,  and  wou?d  cost  at  least  $30,000  per  annum 
after  the  first  year. 

3d.  To  divert  the  Yazoo  into  the  west  arm  of  the  lake,  dredging  out 
the  basin  and  connecting  canal.  This  would  cost  $1,850,000,  wili  an- 
noal  dredging  to  an  uncertain  amount. 

4th.  To  divert  the  Yazoo  into  the  east  arm  of  the  lake  and  along  the 
city  front,  dredging  out  the  basin  and  canal  to  the  river.  This  would 
cost  $2,600,000  and  would  require  annual  dredging  in  the  canal. 

The  first  project  involves  the  abandonment  of  the  old  harbor  of  Vicks- 
borg,  and  is,  naturally,  extremely  distasteful  to  the  citizens  of  that 
place ;  the  last  two  projects  are  expensive  and  by  no  means  certain ; 
while  the  second  can  at  best  be  but  temporary  in  its  effects. 

In  the  opinion  of  the  Commission,  forther  study  of  the  whole  subject 
ia  required  before  any  final  recommendation  can  be  made;  neverthe- 
less, with  a  view  to  affording  relief  to  the  harbor  during  such  time  as 
will  necessarily  be  required  for  this  study,  the  Commission  recommend 
that  during  the  coming  season  an  attempt  be  made  to  carry  out  the 
second  project  above  described,  should  the  conditions  be. found  to  be 
favorabla 

For  details  of  work  in  third  district  see  report  of  Capt.  W.  L.  Mar- 
shall, United  States  Engineers,  Appendix  L. 

FOURTH  DISTRICT. 

(Warrenton, Miss.,  to  Head  of  PosseB^  484  miles  in  length.    Officer  in  charge,  M^J. 
Amos  Stickney,  Corps  of  Engineers,  U.  S.  A.) 

HBADqUABIXBS  NBW  OBLIANS,  LA. 

This  district  embraces  the  improvement  of  Natchez  Harbor,  the  recti- 
fication of  Red  and  Atchafalaya  rivers,  a  lock  at  Bayou  Plaquemine, 
and  the  improvement  of  New  Orleans  Harbor. 

KATCHBZ  HARBOB. 

A  survey  with  a  view  to  improvement  was  ordered  at  this  place,  but 
owing  to  the  sickly  season  it  has  been  found  impossible  as  yet  to  make 
it.  The  caving  of  the  bank  in  Giles'  Bend  has  not  been  very  great,  but 
that  in  Marengo  Bend  has  been  more  severe.  The  work  required  is 
bank  revetment,  and  ciin  be  estimated  on  this  winter. 

RED  AND  ATCHAFALAYA  RIVERS. 

During  the  past  low  water,  it  again  became  necessary  to  send  dredge 
boats  to  Old  Biver  to  attempt  to  keep  open  navigation  into  the  Bed 
Biver.  Although  they  reached  the  scene  of  operations  while  there  was 
still  a  through  channel  depth  of  not  less  than  5  feet,  the  effort  failed 
utterly,  and,  for  a  period  of  three  or  four  weeks,  navigation  was  entirely 
8usx>ended.  In  fact,  for  a  part  of  this  time,  the  water-way  entirely  dis- 
appeared. 

The  experience  of  this  year  leaves  no  doubt  of  the  absolute  uncer- 
tainty of  any  such  method  of  i)re8erving  navigation,  during  low  water, 
into  Bed  River.  While  in  mauy  years  it  may  succeed,  it  is  utterly  inef- 
ficient in  the  face  of  the  unfavorable  conditions  that  may  recur  any  sea- 
son. The  dredging  fleet  cannot  operate  until  the  water  has  fallen  to  a 
certain  stage.  After  this  stage  is  reached,  it  is  entirely  probable  that 
the  fall  may  continue  so  rapidly  as  to  develop  the  bars  much  faster  than 
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the  dredges  can  remove  them.  The  diflBculty  of  maiDtaining  a  chanikcl 
upwards  of  four  miles  long,  of  navigable  depth  and  width,  in  a  sedi- 
mentary river,  falling  several  inches  a  day,  with  a  current  unable  to 
scour  from  its  own  debility,  and  the  unctuous  and  adhesive  quality  of 
the  bed  material,  would  seem  to  be  sufficient.  But  it  is  much  increased 
in  unfavorable  years  by  the  falling  of  the  water  more  rapidly  than  the 
banks  can  dry  out  and  solidify,  or  than  the  overflow  ponds  a  short  dis- 
tance back  can  drain.  On  such  occasions  the  semi-fluid  banks  slough 
down  in  immense  masses,  at  times  entirely  choking  the  water-way. 

These  difficulties  may  recur  any  year,  and  render  uncertain  any  at- 
tempt to  keep  open  Eed  River  navigation  by  such  methods,  during  low 
water. 

Still,  as  no  better  temporary  method  is  known,  and  as  this  method 
has  succeeded  in  a  majority  of  the  years  in  which  it  has  been  tried,  and 
as  the  commercial  benefits  of  maintaining  water  communication  with  a 
large  producing  region  during  the  months  when  it  is  most  needed  for 
shipments  are  very  great,  exceeding  the  cost  of  dredging  operations,  it 
is  recommended  that^  until  permanent  improvement  of  this  navigation  be 
accomplished,  sufficient  appropriation  (as  provided  for  in  the  accom- 
panying estimates)  be  made  to  renew  the  work  of  dredging  at  this  point 
when  it  may  again  become  necessary. 

Surveys  and  examinations  at  this  locality  have  been  prosecuted  under 
almost  equal  difficulties.  Immediately  on  the  subsidence  of  the  last 
flood  parties  were  put  into  the  field  to  secure  information  necessary  for 
the  preparation  of  a  plan  for  the  permanent  improvement  of  the  junc- 
tion of  these  three  rivers ;  but,  owing  to  the  natural  difficulties  of  the 
ground  and  the  unhealthfulness  of  this  region,  their  labors  are  still  in- 
complete. 

Fuller  details  and  discussions  of  these  topics  will  be  found  in  the  re- 
port of  Maj.  A.  Stickney,  United  States  Engineers,  district  officer,  sub- 
mitted as  Appendix  M. 

The  following  brief  description  of  the  existing  regimen,  and  of  the 
conditions  which  mast  be  harmonized  in  any  permanent  plan  of  improve- 
ment, as  observed  during  the  past  two  floods,  is  submitted.  The  sec- 
tional area  of  Lower  Old  River  has  contracted  considerably,  while  the 
enlargement  of  the  Atchafalaya  has  continued.  These  changes  are 
clearly  the  effect  of  the  floods. 

The  fill  in  Old  River  is  the  result  of  the  absence  of  current  during  the 
equilibrium  held  between  that  portion  of  the  flood  coming  down  the 
Mississippi  and  the  overflow  through  the  Tensas  Basin,  re-enforced  by- 
Red  River.  The  scour  in  the  Atchafalaya,  considered  in  connection 
with  the  fill  in  Old  River,  proves  that  the  volume  causing  it  is  not 
drawn  directly  from  the  Mississippi,  but  rather  from  the  overflow  in  the 
Tensas  Basin.  The  shape  of  the  sand  reefs  left  by  the  flood  current 
substantiates  this.  A  dam  across  Lower  Old  River,  therefore,  would  not 
change  the  existing  tendencies  of  the  floods.  The  equilibrium  of  the 
accumulated  mass  of  flood  water  in  this  region  is  first  disturbed  by  a 
decline  in  the  Mississippi,  which  blurts  the  current  in  that  direction. 
But  so  immense  is  this  volume  of  overflow  that  the  fall  is  checked  by  it 
when  near  a  bank  full  stage.  In  1882  it  lingered  flfty-oue  days  between 
the  42  and  41  foot  marks  on  the  gauge  at  Red  River  Landing.  When 
once  within  the  banks,  the  decline  is  more  rapid.  The  fall  of  the  Atcha- 
falaya is  still  slower  than  that  of  the  Mississippi,  as  in  addition  to  its 
share  of  the  Tensas  it  has  to  collect  and  carry  off  its  own  overflow , 
which  spreads  from  the  Mississippi  to  the  T^che. 

The  flow  through  Old  River  towards  the  Atchafalaya  usually  sets  in 
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after  mid-ertage  on  the  decline  is  reached,  and  becomes  more  fixed  as  the 
water  continaes  to  falL  Theee  observations  are  general,  and  a  local  rise 
in  either  the  Misi^issippi  or  Bed  Biver  may  disturb  or  reverse  the  move- 
ment. A  flow  through  the  Old  Eiver  to  the  Mississippi  is,  under  pres- 
ent conditions,  advantageous  to  the  navigation  of  the  former  stream,  as 
it  has  greater  velocity  and  less  sediment  than  a  current  in  the  opposite 
direction. 

The  exclusion  of  the  overflow  from  the  Tensas  Basiu,  by  the  comple- 
tiou  of  its  levee  system  to  Blackhawk,  would  prevent  the  equilibrium 
between  the  Mississippi  and  overflow  waters  in  and  about  Old  Biver 
and  the  head  of  the  Atchafalaya,  which  is  noticed  in  floods,  and  would 
tend  to  increase,  both  in  duration  and  amount,  the  flow  from  the  Mis- 
sissippi down  the  Atchafalaya  by  way  of  Lower  Old  Biver.  This  change 
would  probably  not  only  prevent  the  further  filling  of  Lower  Old  Biver, 
\>ut  would  enlarge  it,  and  ultimately  accelerate  the  enlargement  of  the 
Atchafalaya.  The  prevention  of  the  escape  of  flood  waters,  complete 
or  partial,  down  the  Atchafalaya  would  have,  as  an  immediate  effect, 
the  greater  or  less  increase  of  flood  height  in  Old  Biver,  and  steeper 
slope  from  its  mouth  dowu  the  Mississippi.  This  would  precede  the 
ultimate  a^ustments  of  the  bed  to  the  increased  volume.  This  subject 
is  further  discussed  under  the  head  of  levees  and  outlets. 

The  Commission  is  as  mindful  of  the  importance  of  this  part  of  their 
work  as  of  its  difficulties.  Upon  the  completion  of  surveys  and  exaini- 
nations  now  in  progress,  full  report  and  recommendations  will  be  made. 

LOCK  AT  BATOU  PLAQUSMINE. 

The  surveys  for  this  work  are  not  yet  completed,  having  been  delayed 
by  the  unhealthiuess  of  the  past  season. 

NBW  ORLEANS  HARBOR. 

The  project  for  layiug  10,000  feet  of  mattxess  revetment  400  feet  wide 
ill  CarroUton  Bend  was  approved  September  18, 1882.  Work  was  begun 
October  9,  1883,  but  has  made  little  progress  to  date,  owing  to  trouble 
in  securioff  a  supply  of  brush. 

in  tbe  third  district  the  plan  of  scouring  out  the  mud  from  under  the 
wharves  by  the  use  of  a  tug  has  been  tried  with  success. 

On  tbe  right  bank  from  Westwego  to  Algiers  there  has  been  serious 
caving,  involving  much  loss  to  property  of  considerable  present  and 
much  greater  prosi)ective  value.  Fully  40,000  feet  of  bank  will  require 
protection. 

An  interesting  series  of  discharge  observations  were  obtained  at  Car- 
roUton between  January  27  and  September  7, 1883.  The  discharge  was 
measured  148  times,  and  the  observations  extended  from  a  2-foot  to  a 
lo^foot  stage. 

For  details  of  work  in  this  district  see  report  of  Maj.  Amos  Stickney, 
United  States  Engineers,  Appendix  M. 

PLANT  AND  GENERAL.  SERYIOE. 

There  was  in  use  on  the  work  during  the  past  season  the  following 
plant,  in  part  owned  by  the  Oovernment  and  in  part  chartered : 

Owned  by  the  0(»V€mmenU — One  hundred  and  eighty-nine  barges, 
thirty  nine  quarter-boats,  four  screen-boats,  three  machine-shop  bcM^ts, 
five  steam  tow-boats,  one  pumpingboat,  twenty  five  mattress  boats,  four 
hydraulic  graders,  one  steam-tug,  and  sixty-two  pile-drivers. 
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Chartered. — Six  steamers  and  six  barges. 

The  general  service  of  supply  and  towage,  as  well  as  the  construction 
of  plant,  was  throughout  the  year  in  charge  of  Capt.  C.  B.  Sears,  Corps 
of  Engineers,  United  States  Army,  the  executive  officer  of  the  Commis- 
sion in  the  department  of  construction,  to  whose  report  reference  can 
be  made  for  details.    (See  Appendix  H.) 

Estimates. 

At  a  meeting  held  June  26, 1883,  an  estimate  was  made  for  the  con- 
tinuance of  work  then  in  progress,  and  this  estimate  was  duly  forwarde<l 
to  Congress  through  the  honorable  the  Secretary  of  War.  At  that  time 
the  Commission  did  not  deem  it  best  to  make  any  recommendation  or 
estimate  in  reference  to  new  works  of  improvement,  the  works  then  in 
progress  being  in  a  comparatively  incomplete  state,  and  their  results  as 
yet  undeveloped.  Since  that  time  the  progress  of  the  works  and  the 
favorable  results  produced  by  them  have  been  such  as  to  warrant  the 
belief  that  work  can  be  undertaken  in  one  or  more  additional  places,  if 
it  shall  be  the  will  of  Congress  to  carry  it  on  simultaneously  in  more 
places  than  those  at  which  it  is  now  in  progress. 

In  this  case  the  Commission  would  recommend  that  the  improvement 
of  New  Madrid  Beach  be-flrst  undertaken;  and  secondly,  that  of  Mem- 
phis Beach. 

Estimates  for  this  work  are  submitted  herewith,  and  the  estimate  pre- 
viously sent  in  is  rei>eated. 

LEVEES  AND  OUTLETS. 

Work,  under  the  allotment  made  by  the  Commission,  from  the  appro- 
priation of  August  L',  1882,  .has  been  continued  during  the  year  on  those 
levees  which  were  not  finished  before  the  flood  of  1883.  It  is  expected 
that  al!  will  be  completed  before  the  expiration  of  this  year.  More 
detailed  notice  cf  this  work  will  be  found  in  the  reports  of  the  district 
officers. 

The  CoramisMon  now  recommends  the  continuation  of  levee  work 
during  the  next  season  on  the  fronts  of  the  Tensas  and  Tazoo  Basins. 

Surveys  and  examinations,  to  ascertain  the  condition,  cost,  and  effect 
of  levees,  have  been  continued  during  the  past  year.  The  limit  of 
topography  of  the  surveys  extends  back  from  the  river,  to  include  the 
biie  and  height  of  all  existing  levees. 

Besides  this,  special  examinations  of  two  di.stinct  characters  have 
been  undertaken  and  carried  far  enough  to  yield  important  informa- 
tion. 

Ist.  To  ascertain  the  effect  of  outlets,  particularly  in  the  form  of  cre- 
vasses, resurveys  have  been  made  in  the  neighborhood  of  several  of  the 
great  breaks  of  1882,  to  compare  with  the  general  survey  which  was 
extended  over  the  liver  in  the  years  1880  and  1881.  The  result  of  this 
work  is  graphically  shown  and  accompanied  by  descriptive  text  in 
Appendix  D. 

In  every  observed  case  large  loss  of  section  occurred  as  follows : 


PlAce. 

Contraotion. 

Contraction. 

Af  CIOUO'A ..>...>.  ....r^-.>...  IT.  *rr..t.r^TTiirrTT>.....       .....n.... 

Square/ret 
2,200 

11,000 
8,400 

28,800 

Percentage. 
04 

Hiverton 

.14 

Bolivar 

.11 

Hound  PliMse 

.24 
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The  above  figures  are  the  means  of  numerons  lines  run  at  each  place. 
It  is  worthy  of  notice  that  the  later  of  these  comparative  surveys  were 
taken  at  lower  stages  of  water  than  the  earlier,  and  therefore,  tiirough 
the  bars,  other  things  being  eqnal,  a  mor^.  deeply  excavated  bed  might 
be  expected  in  the  later  surveys.  But,  as  the  contrary  is  the  case,  it 
may  be  inferred  that  the  observed  net  results  are  decreased  rather  than 
exaggerated  by  the  relative  conditions  prevailing  at  the  time  of  survey. 
Similar  observations  have  been  made  during  the  year  at  Bonnet  Carr6 
crevasse,  with  this  diflference :  the  foregoing  comparisons  were  between 
channels  before  and  after  the  breaking  of  the  crevasses,  while  the  follow- 
ing IS  between  a  channel  during  the  flow  of  a  crevasse  and  after  its  closure. 
The  results  harmonize.  Through  this  part  of  the  river  (35  miles  above 
New  Orleans)  such  depths  prevail  at  all  stages  that  great  changes  may 
occur  without  afiecting  navigation ;  but  valuable  opportunity  for  ob- 
servation on  crevasse  effects  was  afforded,  at  a  point  where  conflicting 
statements  had  been  made  with  equal  vehemence.  Careful  surveys 
were  therefore  made  while  the  crevasse  remained  open,  and  repeated 
over  the  same  lines,  in  the  fall  of  1883,  after  the  crevasse  was  closed 
and  the  flood  of  that  year  had  passed.  The  final  results  of  this  work 
are  not  yet  prepared,  but  the  change  observed  is  scour  throughout  the 
reach  below  the  crevasse,  amounting  to  approximately  12  per  cent,  of 
the  low- water  area. 

In  the  last  report  of  the  Commission  (Appendix  F,  p.  116)  will  be 
found  the  results  of  gauging  observations  on  the  Mississippi,  at  and 
above  Saint  Louis,  in  the  years  1880  and  1881.    Similar  observations 
were  undertaken  in  the  fall  of  1881,  at  Paducah,  on  the  Ohio,  and  at 
Golarobus,  Helena,  Hay's  Landing,  and  Red  Kiver  Landing,  on  the  Mis- 
sissippi below  Cairo,  and  continued  into  the  fall  of  1882.    The  value  of 
this  series  was  much  enhanced  by  the  fortunate  occurrence  in  this  year 
of  the  greatest  recorded  flood.    Accompanying  this  report,  as  Appendix 
F,  will  be  found  the  tabulation  and  plotting  of  their  results.     They 
have  not  been  long  enough  available  to.  have  received  complete  inves- 
tigation.   Certain  facts,  however,  are  quite  apparent  in  both  series.    It 
is  observable  that  the  rate  of  velocity  and  discharge,  during  a  rise,  in- 
creases more  rapidly  while  the  liver  is  still  within  its  banks  than  dur- 
ing the  higher  stages  when  the  banks  are  submerged,  or  escape  occurs 
through  outlets.    At  several  of  the  stations  the  increase  of  velocity  is 
entirely  arrested  at  about  a  bank-full  stage,  and,  before  that  elevation 
is  reached,  absolutely  greater  velocities,  and  even  discharges,  were  found 
than  at  higher  stages,  when  much  of  the  volume  was  lost  over  the 
hanks.    This  phenomenon  probably  continues  while  the  swamps  are 
filling,  and  the  draft  from  the  river  is  across  the  banks.    After  they  are 
filled  to  or  near  the  height  of  the  river,  this  indirect  motion,  and  its  loss 
of  power,  ceases,  or  becomes  a  very  gentle  one,  generally  parallel  with 
the  river, forming  what  may  be  termed  a  "  water  bank."    It  is  fairly  in- 
ferable from  this,  that  if  the  conditions  under  which  a  certain  curve, 
representing  the  increment  of  velocity  and  discharge,  while  the  river  is 
still  within  its  banks,  was  developed,  were  continued,  the  form  of  the 
carve,  throughout  its  upward  extension,  would  be  maintained,  and  that 
the  additional  height  required  for  levees  to  restrain  maximum  floods 
would  be  less  than  that  computed  alone  from  a  consideration  of  the  in- 
crease of  volume. 

An  illustration  of  the  accuracy  of  this  inference,  as  well  as  of  the  way 
in  which  flood  heights  are  immediately  augmented  within  the  river  bed, 
under  existing  physical  conditions  by  crevasse  outlets,  is  found  in  the 

comparative  conduct  of  the  high  waters  of  1882  and  1883,  along  the  front 
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of  the  Yazoo  Basin.  Although  the  volume  discharged  by  the  flood  of  1882 
was  unquestionably  greater  than  that  of  the  subsequent  year,  owing  to 
its  duration,  yet,  from  Cairo  to  Helena  the  waves  attained  heights 
nearly  equal  to  each  other,  and,  in  both  cases,  above  those  of  previous 
records.  The  same  conditions,  as  regards  outlets,  or  the  gaps  in  the 
Saint  Francis  levees,  prevailed  during  the  two  years.  At  Helena,  in 
both  floods,  the  maximum  heights  were  reached  on  the  return  of  the 
overflow  from  the  Saint  Francis  Basin.  But  the  first  of  the  two  floods 
under  consideration  wrought  great  havoc  on  the  levees  at  the  head  of 
and  along  the  upper  part  of  the  front  of  the  Yazoo  Basin.  Of  1,500,000 
cubic  feet  per  second  ganged  at  Helena  at  the  top  of  the  flood,  one-third, 
or  500,000  cubic  feet,  were  estimated  by  the  assistants  of  the  Commission 
charged  with  that  duty,  as  escaping  from  the  river  through  these  breaks. 

Notwithstanding  this  depletion,  which  left  in  the  river  bed  a  volume 
not  exceeding  that  which  the  Helena  and  Hay's  Landing  gaugings  in- 
dicate can  be  discharged  at  these  stations  at  a  stage,  respectively,  6  and 
5  feet  lower  than  the  maximum  readings  of  the  year,  or,  approximately, 
at  a  bankftill  stage,  the  greatest  flood  heights  were  reached  along  the 
entire  front  of  the  basin. 

The  most  destructive  work  of  this  phenomenal  flood  was,  however, 
near  the  lower  end.  The  water  leaving  the  river  through  the  crevasses 
at  the  head,  and  along  the  front,  sought  the  lower  levels  near  the  mouth 
of  the  basin.  The  Yazoo  River  and  other  branches  of  the  natural  drain- 
age system  were  inadequate  to  afford  it  exit.  It  accumulated  in  the 
basin  to  a  height  of  several  feet  above  the  level  in  the  river,  until,  over- 
topping the  levees,  an  equalization  of  height  was  established  between 
the  river  and  basin,  above  the  mark  that  would  have  been  reached  by 
the  flood  passing  through  a  proper  channel. 

In  1883.  the  flood  wave  reached  Helena  with  approximately  the  same 
height  as  in  the  previous  year,  but  overflow  into  the  Yazoo  Basin  was 
prevented  by  the  holding  of  the  levees  which  had  broken  the  year  be- 
fore. In  passing  along  the  Yazoo  bottom,  the  wave  did  not  vary  ma- 
terially, in  height,  from  that  of  1882,  until  the  lower  end  was  reached. 
Here,  owing  to  the  exclusion  of  overflow  from  the  head  of  the  basin,  but 
little  return  flow  to  the  river,  beyond  the  natural  drainage,  occurred, 
and  the  height  of  1882  atVicksburg,  the  nearest  gauge,  was  not  reached 
by  about  five  feet. 

While  these  two  floods  attained,  approximately,  the  same  heights 
along  the  part  of  the  river  under  discussion,  the  difference  in  velocity 
was  very  marked.  Gaugings  in  1882,  when  the  overflow  into  the  Yazoo 
Basin  was  enormous,  estabUshed  the  sluggish  movement  of  the  water 
during  high  stages.  This  was  also  the  personal  observation  of  all 
classes  engaged  on  the  river ;  engineers,  steamboatroen,  and  planters. 
In  1883,  when  the  flood  wave  was  excluded  from  the  Yazoo  bottom,  the 
great  velocity  along  its  front  was  universally  noticed  by  the  same  ob- 
servers. 

The  conclusions  to  which  these  facts  contribute  evidence  may  be  thus 
stated.  The  loss  of  volume  through  high-water  outlets  causes  both  a 
diminution  of  velocity  and  a  deflection  of  the  thread  of  movement  of  the 
stream  towards  the  outlet,  accompanied  by  loss  of  the  power  necessary 
to  transport  the  material  with  which  it  is  loaded.  The  excess  of  load 
is  dropped  in  the  bed,  decreasing  the  section  below  the  outlet.  When 
these  conditions  recur  frequently,  and  are  extended  over  long  parts  of 
the  river,  as  the  front  of  any  one  of  the  great  basins,  where  volume  is 
alternately  .reduced  and  augmented,  the  injury  inflicted  on  the  river  as 
a  channel  or  as  a  drain  is  cumulative,  leading  to  general  deterioration. 
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If  the  change  from  low  water  to  flood,  with  its  enormous  range  in  the 
measure  and  direction  of  the  river^s  forces,  is  unfavorable  to  the  develop- 
ment of  a  navigable  and  permanent  channel,  or  an  effective  discharge 
section  from  the  different  conditions,  in  the  same  place,  at  diflerent 
times,  it  certainly  increases  these  difficulties  to  allow  the  introduction 
of  different  conditions,  at  the  same  time,  in  different  places. 

The  relief  firom  excessive  flood  heights  which  might  have  been  antic- 
ipated from  the  decrease  of  discharge  below  the  outlet  is  not  realized, 
owing  to  the  immediate  diminution  of  velocity,  and  of  vis  viva^  and  the 
consequent  contraction  of  sectional  area.  Besiaes,  the  flood- water  which 
escapes  through  the  outlets  is  rotumed  to  the  river  at  a  x>oint  lower  down 
under  conditions  which  give  it  a  power  of  increasing  the  flood's  height  to 
an  elevation  which  would  not  have  been  reached  by  the  same  volume 
I>a88ing  down  the  legitimate  channel. 

The  facts  observed  during  Uie  past  year,  of  which  the  more  important 
have  been  here  recapitulated,  have  corroborated  the  views  of  the  Oom- 
mission  heretofore  expressea  in  reference  to  the  utility  of  levees  as  a 
means  of  channel  improvement  This  statement  is  made,  as  heretofore, 
with  the  limitation  that  for  purposes  of  channel  improvement  merely,, 
the  limit  of  economy  is  reached  with  the  confinement  of  the  ordinary 
flood,  and  does  not  extend  to  the  restraint  of  the  abnormal  or  extraor- 
din^ry  flood.  The  result  of  this  qualification  is  that  the  building  of 
leyees  to  the  height  necessary  to  protect  the  alluvial  basin  from  over- 
flow is  not  necessary  as  part  of  a  logical  plan  of  river  improvement. 
The  work  of  determining  approximately  what  will  be  the  necessary 
height  of  such  system  of  levees  has  been  in  the  hands  of  a  committee 
since  a  time  prior  to  the  last  report,  who  will  report  upon,  it  as  soon  as 
the  extensive  investigations  necessary  to  reach  satisfactory  conclusions- 
upon  the  subject  can  be  finished. 

In  the  mean  time  it  is  proposed  to  complete  the  closure  of  gaps  in  the 
existing  levees  along  the  Yazoo  and  Tensas  fronts  begun  a  year  ago,  as 
the  most  economical  and  the  shortest  method  of  shutting  off  the  escape 
of  water  into  those  great  reservoirs  and  securing  so  far  the  benefit  of 
the  entire  volume  of  the  river's  ordinary  discharge  in  the  improvement 
of  the  channel.  Beyond  that  the  Commission  is  not  prepared  at  this 
time  to  make  any  specific  recommendation  for  construction  of  levees  as 
a  means  of  channel  improvement,  and  reserves  the  subject  for  i^irther 
consideration. 

The  act  creating  the  Commission  makes  it  the  duty  of  the  Commis- 
sion to  consider  the  snbject  of  the  prevention  of  destroctive  floods,  and, 
as  bearing  upon  that  matter,  there  is  submitted  for  information  the  fol- 
lowing summary  of  the  prooable  extent  and  cost  of  such  system  of 
levees  as  would  be  necessary  for  that  purpose. 

It  may  be  stated,  further,  that  there  are  serious  practical  difficulties 
in  the  way  of  constructing  a  system  of  levees  no  higher  than  would  be 
necessary  for  the  confinement  of  ordinary  floods,  and  at  the  same  time 
protecting  them  against  disastrous  injury  from  the  great  floods  which 
occur  at  irregular  intervals.  The  practicability  and  probable  cost  of 
SQch  protection  is  one  of  the  subjects  in  the  hands  of  the  committee 
before  referred  to.  It  is  obvious  that  for  the  secure  protection  of  the 
valley  from  overflow  there  is  necessary  a  system  of  levees  high  and 
strong  enough  to  withstand  the  greatest  flood.  No  other  means  of  ])ro- 
tection  is  practicable  or  even  possible.  These  facts  suggest  obviously 
the  idea  of  co-operation  between  the  General  Government  and  the  com- 
munities interested  in  the  prevention  of  overflow  in  the  maintenance 
of  a  levee  system  which  shall  serve  at  the  same  time  the  purpose  of 
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improvement  in  the  channel  and  protection  from  overflow.  And,  as 
preliminary  to  the  consideration  of  sach  a  suggestion,  the  probable  cost 
of  such  a  system  is  material. 

2d.  The  other  special  investigation  undertaken  daring  the  past  year 
and  alluded  to  above  had  for  its  object  an  estimate  of  the  amount  of 
levee  work  required  to  close  existing  gaps  and  give  such  grades  as  are 
shown  in  the  following  table.  It  is  believed  that  a  grave  misapprehen- 
sion prevails  concerning  the  quantity  and  cost  involved  therein. 

While  the  figures  submitted  in  the  following  table  are  not  final,  they 
are  of  sufficient  authority  to  be  used  in  correcting  misleading  state- 
ments and  in  comparing  the  benefits  with  the  cost  of  levees. 

Two  facts  should  be  borne  in  mind : 

First.  For  about  half  the  distance  below  Cairo  only  one  side  of  the 
river  requires  levees.  For  the  remainder  of  this  side  the  hills  are  so 
near,  at  distances  ranging  from  immediate  contact  to  not  over  six  or 
eight  hules,  that  the  loss  of  volume  of  discharge  over  the  intervening^ 
strips  of  bottom  land  is  not  considered  of  grave  importance. 

Second.  By  far  the  greater  part  of  the  required  work  is  now  in  ex- 
istence, having  been  constructed  by  the  riparian  communities  and  own- 
ers for  the  purpose  of  land  reclamation. 

Estimate  of  oMc  yarda  of  earthtoork  required  far  leveee  on  the  Mieeies^^  River  at  oertaim 

grades. 


Comiii«roe ,  Iffo.,  to 
Cairo. 


Cairo  to  iBlaad  Ko. 

40. 


laland  No.  40  to 
month  of  Saint 
Francia  Biver. 


Helena  to  month 
of  White  RiTer. 


Arkanaaa  City  to 
Loniaiaiia  line. 


Length. 


JTOm. 


220 


Qtade. 


2  feet  above 


...do. 


75  |....do. 


....do. 


8  fbet  above 
high  water. 


Contents. 


Hemarks. 


T 


Ko  survey  has  l^Ben  made  here.  The 
eetimate  is  prorated  per  mile  of  lencth 
from  line  ran  fmn  Cairo  to  Island  Ko. 
40.  It  is  believed  to  be  ample,  as  the 
banks  are  not  so  low  as  those  below, 
and  the  overflow  is  from  backwater 
having  littie  slope. 
11, 980, 000  This  estimate  is  based  on  special  snr> 
vey.  Grade  of  snrvey  1  root  above 
hiffh  water,  1892.  Increase  made  by 
adding  one  foot  to  height,  with  pro- 
portionate section,  to  mean  sectional 
area  over  entire  distance. 

2,006,000  '  This  estimate  id  made  from  surveys  and 
j  computations  made  for  the  purpose 
(see  Appendix  K5)  with  grade  or  1.5 
feet  above  high  water,  1882.  The 
quantities  for  the  additional  0.5  foot 
is  added  as  above. 

1, 000,  OOC  The  swamp  basin  (White  River)  back 
of  this  line  is  of  small  capacity  com- 
pared with  the  Saint  Francis,  Yasoo. 
and  Tensas.  The  line  has  boen  well 
maintained  up  to  1882.  The  above 
amount  is  believed  to  be  suificient  for 
necessary  ropairs. 

2, 003, 000  This  estimate  Is  based  on  a  special  smv 
vey  for  alternate  in^des  at  hieh  water, 
1882,  and  1.5  tV-et  above  this  mark. 
The  difference  between  these  two  ia 
338,850  cubic  yards.  Tbe  average 
height  of  the  levees  on  the  opposite 
side  of  the  river  below  Green^lle  la 
6.00.  Assuming  the  same  mean  height 
on  this  side,  this  amount  Is  for  raising 
from  0.06  to  7.56.  The  proportion  car* 
ried  out  would  make  the  further  rais- 
ing from  7.56  to  0.06,  or  3  feet  above 
high  water,  1882,  require  about  424,000 
cuDic  yards,  giving  the  acoompanjing 
total 
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£4tHmai6  of  eMe  yard»  of  oarfkmork  required  for  looeea  on  Mieeiaeippi  Biver,  ^o.— Cont'd. 


Length. 


Oxttde. 


Contento. 


Remarks. 


Opposite   Wer- 
resitOB* 


7     Opposite  Wftoen- 
tontoBedBiTBr. 


Ked  Biver  to  forts 
below  New  Or- 


JfiZM. 

100 


Horn  Lake  to 
Friar's  Point. 


10     Friar's  Point   to  < 
Sonflower. 


11  '  Sanflowertomoatli 
of  YasooBiver. 


12  t  Baton  Booge  to 
flirts  below  Kew 
Orleans. 


Coet  at  25  oenta 
pereabiojard. 


160 


279 


70 


34 


200 


2  feet  above 


....do. 


OutU' 

8.  iie,  080  Tbis  is  tbe  estimate  of  the  assistant  en- 
sineer  in  charge  of  the  lino  for  rais- 
ing the  levees  3  feet  for  their  entire 
length.  As  the  grade  of  the  line  is 
very  uneven,  this  quantity  of  earth- 
work, applied  to  ton  lowest  places, 
I  would  raise  the  p^de  oi^  the  line 
more  thnn  3  fpct  It  is  beUeved  to 
be  siifiicient  for  a  safe  grade.  (See 
Appendix  — .) 

6^  140, 000  No  survey  has  been  made  of  this  line, 
but  thi)  sornr  provision  is  made  in  the 
estimate  as  in  that  from  the  Louisi- 
ana line  to  opposite  Warrenton,  viz, 
a  uniform  addition  of  3  feet  over  the 
ontiro  line,  ou  nn  assumed  height  of 
I      6.06  feet. 

6^  652;  000  This  line  is  now  complete  in  length,  but 
of  inF>ulfieicnt  grade.  The  necessity 
for  higher  grade  is  explained  in  the 
following  text.  The  assumed  mean 
hei^'ht  is  7  feet,  to  be  raised  to  9  feet. 
In  tho  execution  of  tbe  work  much 
the  greater  part  of  tbe  addition  would, 
of  course,  be  made  to  the  upper  part 
I      of  the  line. 

1, 276, 000  I  This  estimate  is  based  on  suiveys  and 


...do. 


3  feet  aboT» 
hiffh  water, 
1882. 


2  feet  above 
high  water, 
1882. 


620,000 
8,028^000 

4,838^000 


4ft,  776, 080 


$11,448,770 


computatiouM  made  for  the  purpose 
(Ree  Appendix  — ).  An  adifitlon  of 
half  a  foot  in  made  to  the  original, 
mnking  tbe  g'adc  of  this  estimate  2 
feet  above  hifih  water,  1882. 

Thci-e  exist  but  two  breaks  in  this  line, 
but  the  estimate  is  prorated  per  mile 
from  the  foregoing  line. 

This  estimate  is  based  on  the  report  of 
the  United  States  assistant  engineer 
and  engineer  of  Mississippi  levee  dis- 
trict (see  Appendix  —).  l.he  same  re- 
mark applied  to  estimate  fh>m  Louis- 
iana line  to  Warenton  is  true  here. 

The  remarks  spplied  to  line  from  Bed 
Biver  to  Forts  is  repeated  here.  The 
conditions  are  precisely  the  same. 

ARTHUR  P.  DAVIS, 

U.  8,  Qeglpgical  Survey. 


The  Commission  is  not  prepared  to  state  that  these  are  the  exaet 
grades  that  are  likely  to  be  adopted,  bnt  it  is  not  believed  that  grades 
in  excess  of  these,  on  the  average,  will  be  required  for  the  purposes 
set  forth  in  the  organic  act,  unless  a  change  of  regimen  occurs  from 
some  remote  cause,  such  as  the  extensive  clearing  of  tbe  precipitous 
sides  of  some  of  the  tributary  basins. 

It  has  been  the  experience  of  the  General  Government,  as  well  as  of 
the  riparian  States,  that  such  embankments  as  the  above  can  be  con- 
structed for  an  average  price  not  exceeding  25  cents  per  cubic  yard, 
giving  a  i^ult  of  $11,443,770. 

In  conclusion  of  this  subject,  the  Commi8sion  considers  it  necessary 
to  call  the  attention  of  Congress  to  peculiar  conditions  existing  below 
Red  Biver.  This  section  of  the  river  is  in  a  ^^tate  of  much  greater  sta- 
bility than  is  found  in  any  other  part  of  its  course  below  the  junction 
of  the  Missouri.  At  a  short  distance  below  Bed  Biver  it  becomes  nar- 
rower and  deeper.  It  has  been  leveed  throughout  for  a  great  many 
years.  No  flood  complications  arise  here,  as  above,  from  the  return  of 
overflow  water  which  has  escaped  firom  the  river  at  points  higher  up. 
This  all  reaches  the  sea  through  the  numerous  delta  bayous  on  either 
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side.  Its  bed,  enlarged  by  levees,  is  Mrly  adapted  to  the  drainage 
service  which  has  hitherto  been  imposed  apon  it. 

During  the  floods  of  1874,  1882,  and  1883  this  part  of  the  river  was 
filled  to  its  utmost  capacity.  The  levees  were  a  wash  for  hundreds  of 
miles,  and  the  waves  of  passing  steamers  rolled  over  them.  Many 
disastrous  breaks  occurred. 

The  gangings  at  Garrollton  in  1883  showed  that  the  river  at  this 
point  was  only  discharging,  at  a  maximum,  about  1,100,000  cubic  feet 
per  second,  while  those  at  lied  Eiver  Landing  in  the  previous  year 
showed  that  double  this  volume^  or  about  2,200,000  feet,  found  its  way 
down  the  valleys  of  the  Mississippi  and  Red  rivers. 

While  it  is  not  anticipated  that  the  completion  of  the  levees  of  the 
Tensas  front  to  within  20  miles  of  Bed  River,  and  the  confinement 
within  the  river  of  that  part  of  the  flood  which  has  been  allowed  to  es- 
cape above  will  cause  greater  flood  heights  at  the  mouth  of  Red  River, 
it  seems  certain  that  it  will  have  the  effect  of  increasing  and  making 
constant  the  outlet  of  the  Mississippi  through  Old  River  down  the 
Atchafalaya. 

Measures  that  may  become  necessary  to  prevent  this,  by  diminishing 
the  discharge  of  the  Atchafalaya,  or  by  directing  more  of  the  Red  River 
flow  down  the  Mississippi,  will  throw  into  the  latter  stream  a  volume 
in  excess  of  any  known  discharge.  While  this  increased  volume  would 
undoubtedly  make  room  for  itself  by  ultimate  enlargement  of  section, 
it  could  only  do  so  by  the  work  of  scour,  the  resistance  to  which  would 
be  indicated  and  measured  by  increased  slope,  or  greater  elevation  of 
surface  throughout  that  part  of  the  river  while  undergoing  enlargement. 

Such  additional  service  should  not  be  imposed  upon  a  region  in  which 
have  been  adopted  the  measures  necessary,  under  existing  conditions, 
for  protection  from  inundation,  without  due  preparation  for  the  increased 
height  which  will  be  given  the  floods. 

LEGISLATION. 

The  Commission  repeats  with  emphasis  the  recommendation  made  in 
three  preceding  reports,  that  ])ro vision  be  made  by  law  for  the  appropri- 
ation, by  suitable  proceedings,  of  laud  and  material  necessary  in  any 
work  of  Mississippi  River  improvement  undertaken  by  the  Government. 
Within  the  past  year  some  serious  inconvenience  has  been  suffered  from 
exorbitant  demands  made  by  land-owners  for  brush  and  piles.  These 
materials  are,  in  most  cases,  worth  little  or  nothing  to  the  owner,  and 
are  unsalable  to  any  buyer  except  the  Government  at  any  price.  But 
at  the  prices  some  owners  ask  for  them  they  would  make  a  large  item 
of  cost.  It  is  not  believed  that  there  would  be  frequent  occasions  to  re- 
sort to  condemnation  of  private  property,  if  such  proceedings  were  au- 
thorized, as  in  most  cases  the  existence  of  the  power  would  be  a  suffi- 
cient preventive  of  extortion ;  although  cases  may  arise  in  which  the 
possession  and  exercise  of  the  power  would  be  highly  important. 

It  is  highly  desirable,  also,  that  Congress  shall  prescribe  by  law  the 
extent  to  which  material  found  on  islands  and  bars  in  the  river  may  be 
used  without  payment  of  damages.  It  is  believed  that  the  supreme 
right  of  control  and  improvement  of  rivers  navigable  for  inter-state  com- 
merce which  is  vested  in  the  United  States  carries  with  it  the  right  to 
use  in  the  work  of  improvement,  without  the  consent  of  any  individual 
owner,  all  such  material  as  may  found  within  the  limits  of  the  river  it- 
self, and  constituting  part  of  it.  Upon  this  point  differences  of  opinion 
are  liable  to  arise  between  the  engineers  in  charge  and  riparian  propri- 
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etoTB,  to  avoid  which  there  should  be  such  express  provision  of  law  as 
will  define  the  respective  rights  of  the  Oovemment  and  the  private 
owner  as  clearly  as  possible. 

It  is  recommended  also  that  provision  be  made  by  law  for  retaining 
control  by  the  Gk>vemment  over  areas  of  lands  built  up  from  deposit 
induced  by  the  works  of  improvement  placed  in  the  river  bed.  These 
amount  in  some  instances  to  hundreds  of  acres,  and  in  some  localities 
riparian  owners  may  be  disposed  to  claim  possession  of  them  to  tbe 
detriment  of  the  improvement.  It  is  expected  that  in  most  such  cases 
it  will  be  found  desirable  to  encourage  the  growth  of  trees  upon  the 
newly  made  banks,  aud  occupy  them  in  that  way  for  many  years,  aud 
X>eThaps  permanently. 

It  is  regarded  as  important,  also,  that  a  law  shall  be  enacted  for  the 
panishment  of  any  person  who  shall  make  a  cutoff  at  any  neck  or  bend 
in  the  Mississippi  Eiver.  The  history  of  the  river  indicates  a  tendency 
to  recurring  cycles  of  change.  A  cut-off  is  followed  by  a  sudden  in- 
crease of  velocity  in  its  vicinity,  and  by  rapid  caving  above  and  below. 
These  are  likely  to  cause  other  cut-offs,  one  after  another,  and  there  then 
results  a  widely-extended  and  long-continued  disturbance  of  the  regi- 
men of  the  river.  During  the  continuance  of  such  a  period,  works  of 
improvement  in  the  channel  would  be  attended  with  the  greatest  diffi- 
culty, ^o  great  cut-off  has  occurred  since  that  at  Yicksburg  in  1870, 
andthe  present  conditions  of  the  river  in  that  respect  are  regarded  as 
favorable.  But  the  conditions  are  also  existing  for  the  introduction  of 
a  cycsle  of  change  by  the  making  of  a  single  cut-off,  the  injurious  con- 
sequences of  which  it  is  impossible  to  estimate.  Such  events  have  hap- 
X>en6d  in  the  past  through  the  lawless  acts  of  individuals,  and  against 
these,  stringent  penalties  should  be  provided. 

FINANCIAL  6TATBHXNT. 

Approprialion  for  Burvegs  and  eaepmsea  of  the  MisHsnppi  Biver  Commfotfton,  act  of  Mareh 

3,  1883. 

Balance  on  hand  December  16, 1882 $91,780  88 

Appropriated  by  act  approved  March  3,  1883 150,000  00 

Total 241,780  88 

Expended  from  December  16,  1882,  to  November  30,  1883,  inolnding  eeti- 

.  mated  liabilities 174.700  00 

Balance  which  it  is  estimated  wiU  be  required  daring  remainder  of  fiscal 
year  ending  Jane  30, 1884 67,080  88 

241,780  88 


The  estimate  of  funds  for  fiscal  year  1885,  which  was  transmitted  to 
the  honorable  the  Secretary  of  War  on  June  25, 1883,  is  here  repeated. 

ESmCATB  OF   FUNDS  FOR  SALARIES  AND  EXPENSES  OF  THE  GOlOilSSION  FOR  NEXT 

FISCAL  TEAR. 

To  continue  the  "  sorveys  of  the  Mississippi  River  between  the  Head  of  the 
Passes,  near  its  montn,  and  its  headwaters, now  in  process" ;  to  make 
*'  additional  surveys  and  examinations  of  said  river  and  its  tributaries" ; 
tomakesuch  additional  examinations  aud  investigations,  topo^aphical, 
hydrographical,  ondhydrometrical,  as  are  necessary  for  matunjig  apian 
fior  the  permanent  improvement  of  the  entire  river;  for  salaries  aud  ex- 
penses of  the  Commission  in  traveling,  mileage,  and  inspection,  for 
office  expenses,  computing,  draughting,  ac.,  and  for  publication  of  maps 
and  results $200,000  00 
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The  estimate  of  fands  for  works  of  improvement  for  the  fiscal  year 
1885,  which  was  transmitted  to  the  honorable  the  Secretary  of  War  on 
June  26, 1883,  is  here  repeated. 

XSTIMATX  OF  FUNDS  FOR  WORKS  OF  mPROYBMBNT  FOR  FISCAL  TBAR  BKDXNO  JUKR 

30,  18»5. 


For  works  of  improvement  on  the  MissiBaippi  River  below^Cairo,  in- 
'  I  m  ; 

I ;  tide  completion  of  the  closinfi^'  of  existine  i 
asses  and  outlets  on  the  Tensas  and  Yazoo  fronts ;  the  rectiflciSion  of 


clnding  works  m  progress  in  the  Lake  I^vidence,  Plnm  Point,  and 
Memphis  Reaches ;  tne  completion  of  the  closing  of  existing  orev- 


the  Red  and  Atohafalaya  Rivers,  and  the  harhors  of  Memphis,  Yioks- 

hnrg,  Natchez,  and  New  Orleans t3»000,000  OO 

In  addition  to  the  above,  and  as  explained  in  the  foregoini;  report,, 
the  Commission  presents  the  following: 

Supplemmtal  e9l^mat$  far  <A«  New  Madrid  and  Memphis  Reaohea  for  fUM  year  ending' 

June  30, 1886. 

For  work  on  the  New  Madrid  Reach $1,000,000  OO 

For  work  on  the  Memphis  Reach 675,000  0(f 

FINANCIAL  BTATSlfSliTB. 

JgpropriatUm  for  improving  Mieeise^pi  Bi/ver,  act  of  Auguit  2, 1882. 

Balance  Deoemher  1, 1882 12,388,000  OO 

Amount  expended  to  November  1. 1883,  including  outstanding  liabili- 
ties (estimated)  to  January  1, 1884,  for  steamboats,  pile-drivers,  and 


other  floating  plant ;  for  materials,  tools,  supplies,  and  labor,  contin- 
uing and  beginning  work  at  Plum  Point,  and  JLake  Providence,  Mem- 
phis, and  Now  Madrid ;  for  subsisting  and  quartering  the  labor  em- 


ployed, and  for  payments  on  contracts  for  construction  and  repair  of 

levoes 

Balance  available  and  unpledged  January  1, 1884.  and  which  will  be 
required  for  care  of  property  and  maintenance  of  organization  during 
the  remainder  of  the  fiscal  year 200,269  20 

2,388,000  OO 
Appropriation  for  New  Orleane  Harbor, 
Balance  on  hand  July  1,1882 |147,793  81 

Expended  from  July  1, 1882,  tp  November  1, 1883 38,414*90 

Balance  available  November  1, 1883 109,378  91 

147,793  81 
Appropriation  for  improffing  mouth  ofSed  Biver, 

Balance  on  hand  July  1, 1882 (90,812  40 

Expended  from  July  1,  1882,  to  November  1, 1883 61,970  66 

Balance  available  November  1, 1883 38,841  74 

90,812*40 
Appropriation  for  Natohes  Harbor, 

Balance  on  hand  July  1,  1882 $8,252  04 

Expended  from  July  1,  1882,  to  November  1,  1883 2,920  02 

Balance  available  November  1,  1883 5,331  42 

8,252  04 
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Total  amounts  of  funds  in  Treasary  and  in  hands  of  disboising  officers, 
NoYember  I,  1683 : 

Appropriation  for  improving  Mississippi  River $844, 717  IS 

Appropriation  for  New  Orleans  Harbor 109,378  91 

Appropriation  for  month  of  Red  River 38,841  74 

Appropriation  for  Natchez  Harbor 5,331  42 

ToUl 998,269  20 

Eetimated  liabilities  to  Jannary  L 1884,  including  retained  percentages 
and  balances  due  on  contracts  tor  levee  work  and  outstanding  liabil- 
ities for  material  and  hftbor  on  works  of  construction 796, 000  00 

Balance  available,  aaabove 200,269  20 

OHAS.  B.  SiTTEBy 

M(yor  of  JBngineerSy  U.  S.  A. 
Henry  Mitohell, 

Coast  and  OeoaeHo  Survey* 
B.  M.  Harrod. 
BoBERT  S.  Taylor. 
8.  W.  Ferguson. 

I  ooBOiir  in  the  foregoing  report,  except  so  moch  of  it  as  relates  to 
levees  and  ontlets,  on  which  subject  I  will  sabmit  my  views  separately. 

C.  B.  OOMSTOOK, 

Lieutenant- Colonel  of  Engineers^  and  Brevef  Brtgadier-Oeneraly 
President  Mississippi  River  Commission. 

I  concnr  in  the  foregoing  report  of  the  Commission,  with  the  single 
qualification  that  the  valae  of  levees  as  a  factor  in  the  problem  of  chan- 
nel improvement  in  preventing  the  wide  dispersion  of  flood  waters,  is 
not  affirmed  in  the  report  in  sufficiently  positive  terms,  and  with  that 
clearness  and  prominence  to  which,  in  my  judgment,  it  is  entitled. 

Q.  A.  GiLLMORE, 

Colonel  of  BngineerSy  Brevet  Mafor-Oeneralj  U.  S.  A, 

As  I  am  unable  to  concnr  in  the  part  of  the  report  relating  to  levees, 
I  submit  the  following  remarks : 
The  Commission  state — 

The  act  creating  the  Commiulon  makes  it  the  dnty  of  the  Commission  to  consider 
the  subject  of  the  prevention  of  destmctive  floods,  and,  as  bem!ig  upon  that  matter, 
there  is  submitted  for  information  the  following  summary  of  the  probable  extent  and 
cost  of  such  a  system. 

The  Commission  submits  an  estimate  for  levees,  to  prevent  destructive 
floods,  from  Commerce,  Mo.,  to  the  forts  below  New  Orleans,  aud  pro- 
poses heights  for  them  of  two  or  three  feet  above  the  high  water  of  1882. 
The  cost  of  the  proposed  system  is  estimated  at  $11,443,770,  aud,  for 
the  reasons  stated  hereafter,  is,  in  my  judgment,  too  small  for  any  ade- 
quate system  of  levees  intended  to  prevent  destructive  floods  and  (ex- 
cept at  intervals  of  16  or  20  years)  to  secure  the  property  of  the  inhab- 
itants behind  them  from  danger  of  destruction. 

Before  a  system  of  levees  can  be  planned  the  question  must  be  decided 
whether  it  shall  be  attempted  to  confine  the  greatest  floods,  or  only 
those  somewhat  less  than  the  greatest.    When  it  is  remembered  that 
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the  cost  of  these  levees  will  necessarily  be  great ;  that,  as  they  will  be 
high,  breaks  through  them  will  involve  large  costs  in  repairs ;  that  their 
object  is  to  make  possible  the  safe  existence  behind  them  of  a  large  and 
prodactive  population  in  the  alluvial  bottoms  they  protect;  that  only 
the  expectation  of  such  a  population  can  jtistify  the  large  expense  in- 
volved ;  that  breaks  in  the  levees,  when  the  bottoms  are  filled  up  by 
plantations,  would  involve  enormous  loss  of  property ;  that  the  annual 
height  of  floods  in  rivers  is  now  believed  to  increase  as  the  country  they 
drain  is  cleared  up ;  in  view  of  all  these  considerations  it  seems  the  wiser 
plan  to  face  at  once  a  great  flood,  and  to  provide  for  its  confinement  be- 
tween levees. 

It  may  be  said  that  with  interest  at  3  per  cent,  it  would  be  cheaper 
to  allow  great  floods  once  in  teu  or  fifteen  years  to  overtop  and  largely 
damage  the  levees  than,  to  incur  a  greater  expense  to  avoid  an  evil  that 
occurs  only  at  such  intervals  of  time.  But,  as  has  already  been  said,  the 
only  economical  Justification  of  the  expense  involved  in  an  efficient 
system  of  levees  is  the  belief  that  in  time  the  whole  region  protected 
from  overflow,  shall  become  populated  and  highly  productive.  When 
that  time  approaches  the  damage  done  to  levees  by  floods  which  went 
over  them  would  be  Insignificant  in  proportion  to  the  incalculably 
{greater  damage  done  to  the  population  behind  them. 

Moreover,  great  floods  are  not  rare. 

At  Cairo,  ^tween  1862  and  1883,  inclusive,  four  floods  have  reached 
or  exceeded  a  reading  on  the  gnage  of  50.8  feet;  the  highest  known 
reading  being  52.4  feet,  in  1883.  A  flood  of  51.5  feet  may  then  be  looked 
for  once  in  ten  years. 

At  Memphis,  between  1858  and  1883,  inclusive,  the  gauge  reading  has 
equaled  or  exceeded  34.0  feet  six  times ;  the  highest  reading  being  35.1 
feet,  in  1882.    A  flood  of  34.5  feet  may  be  expected  once  iu  ten  years. 

At  Helena,  between  1867  and  1883,  inclusive,  floods  have  four  times 
oqualed  or  exceeded  a  gauge-reading  of  45.8  feet ;  the  maximum  being 
47.2  feet,  in  1882.  A  flood  of  46.5  feet  may  be  expected  once  in  ten 
years. 

At  the  mouth  of  White  Biver,  between  1862  and  1883,  inclusive,  the 
floods  have  five  times  givi^n  a  gauge-reading  of  46.6  feet,  or  more ;  the 
highest  lieing  48.5  fee^  in  1882.  A  flood  of  47.5  feet  may  be  expected 
once  in  ten  years. 

At  Yicksburg,  between  1858  and  1883,  inclusive,  floods  have  four 
times  given  gauge-readings  of  48.8  feet  or  more ;  the  highest  being  51.1 
feet,  in  1862.  In  1882  the  flood  only  reached  48.8  feet,  the  maximum 
since  1867,  and  may  have  had  its  height  diminished  by  the  Yicksburg 
cut-off  of  1876.    A  flood  of  49.0  feet  may  be  expected  once  in  ten  years. 

At  Natchez,  between  1858  and  1883,  floods  reached  a  gauge-reading 
of  47.9  feet  or  more  five  times ;  the  maximum  being  50.3  feet,  in  1862. 
A  flood  of  48.0  feet  may  be  expected  once  in  ten  years. 

At  Bed  Biver  Landing,  between  1867  and  1883,  the  gauge  has  in  three 
years  had  a  flood  reading  of  46.3  feet  or  more,  the  maximum  being  48.6 
feet  in  1882.    A  flood  of  47.0  feet  may  be  expected  once  in  ten  years. 

At  Oarrollton,  floods  have  reached  a  gauge  reading  of  15.4  feet,  or 
more,  five  times  between  1859  and  1883,  the  highest  being  15.9  feet  in 
1862.    A  flood  of  15.6  feet  may  be  expected  once  iu  ten  years. 

These  statements  refer  to  the  river  as  it  has  been  since  1858. 

In  the  preceding  statements  of  floods  that  may  be  expected  once  in 
teu  years,  the  heights  are  adopted  from  an  examination  of  the  heights 
of  the  floods  mentioned. 

The  following  table  recapitulates  the  preceding  information,  and  gives 
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also  the  lowest  readings  on  the  gaages^  with  their  years^  and  the  high- 
water  readings  in  1882: 


1, 

Stotkuifl. 

1 

Year. 

1 

1 

1 

s 

Year. 

1871 
1872 
1872 
1872 
1872 
1872 
1872 
1872 

Gaage-readinge  for 
flood  to  be  expect- 
ed  once    in    ten 
years. 

1 

0 

Caiio 

JVet 
52.4 
86.1 
47.2 
4&5 
6L1 
50.8 
4&6 
15i9 

1683 
1882 
1882 
1882 
18C2 
1862 
1882 
1862 

Fut. 

-1.0 

-1.0 
0.0 
0.0 

-L3 
0.0 
0.0 

-L6 

— ai 

Feet. 
51.5 
34.5 
46.5 
47.5 
49.0 
48.0 
47.0 
15.6 

FeeL 
51  8 

330 

IffMpnp^h 

35  3 

Tr^«iM 

47  2 

383 

White  Slrer 

48.5 

337 
7D0 

Vlcksbqrg 

Tf ftt«hm   ; . . . , 

48.8 
47.9 

7M 

RjhI  KWn>  T^uHlinff 

4&6 

366 

CiamUton 

15.0 

If  the  figures  in  the  last  two  columns  of  this  table  be  compared,  it  will 
be  seen  that  in  five  cases  the  flood  of  1882  was  higher  than  the  flood 
that  may  be  expected  once  in  ten  years,  and  in  three  ca^es  lower,  and 
that  in  the  average  of  all  it  was  0.4  foot  higher.  Considering  the  smali- 
ness  of  this  excess  above  the  floods  to  be  expected  ooce  in  ten  years, 
the  fact  that  at  four  places  out  of  eight  the  flood  of  1882  was  not  the 
maximum  flood  observed  in  the  last  20  or  25  years,  and  the  probability 
that  the  height  of  floods  will  increase  in  the  future,  it  seems  proper  that 
in  the  plan  for  any  general  system  of  levees,  if  the  principle  of  keeping 
out  all  floods,  Whatever  their  height,  should  be  surrendered  (a  step  of 
doabtful  advisability),  the  plan  should  at  least  provide  lor  holding  a 
flood  like  that  of  1882. 

In  what  follows,  that  flood  will  be  the  one  considered. 

Adopting  the  flood  of  1882  as  the  one  to  be  confined,  the  next  ques- 
tion is  what  height  of  levees  is  necessary. 

From  the  investigations  of  the  Commission,  the  flow  of  the  flood  of 
1882  at  its  maximum  down  the  Mississippi  Valley,  whether  in  the  river 
proper  or  in  the  bottom  lands,  is  now  at  least  approximately  known. 
With  a  complete  system  of  levees  on  the  river  banks,  the  whole  of  that 
flow  would  be  confined  between  them. 

The  following  table  gives  the  approximate  results  of  the  observations 
of  the  Commission  (many  of  them  not  yet  published)  which  were  made 
on  the  floods  of  1882  and  1883: 


ICazimnm  dia* 
charge  observed 
in  flood  of  1882 
In  river  proper. 


Amount  which 

was  flowing 

down  valley  ont- 

aide  of  river. 


Total  flow  ^aat. 


Colvmlma 

FnJton  (ertlnated  tnm  obMnr«tl«ns  of  1680) 

Hekaft 

Haj*a  LaadiDK   

Bed  Blrer  Landing 


OubicfeeL 
1,600,000 
1,200,000 
1,640,000 
1,060,000 
1,600,000 


Cubic  feet 

200.000 
600.000 
360,000 
040. 000 
600,000 


Cubic  fe^i. 

1,800,000 
1,800,000 
1, 900.  000 
2, 000, 000 
2, 200,  OCO 


Observations  determining  the  relations  between  gauge-readings  and 
corresponding  discharges  were  made  at  several  stations.  If  those  gauge- 
readings  be  platted  as  ordinates  and  the  corresponding  discharges  iis 
abscissas,  the  resulting  broken  line  which  deviates  somewhat  from  a 
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right  line  is  called  a  discharge  curve.  This  discharge  carve  for  tho 
rising  river  is  asually  tolerably  regular  until  the  river  gets  above  its 
banks,  when  it  may  become  irregular  and  complicated  from  the  escape 
of  water  over  the  banks  and  from  variations  in  the  slope  of  the  main 
river,  due  to  floods  in  tributaries  or  to  return  of  water  from  the  swamps 
into  which  it  had  previously  escaped. 

But  if  the  river  were  leveed  throaghout  its  length,  it  seems  probable, 
so  far  as  the  investigations  of  the  Commission  yet  go,  that  at  places  un- 
affected by  tributary  flow  the  discharge  curve  for  the  confined  river  for 
all  stages  would  be  a  continuation  of  that  of  the  unconfined  river  for 
stages  less  than,  or  equal  to,  that  at  which  escape  over  banks  begins. 

If  this  should  be  verified  by  a  complete  study  of  the  subgect,  not  yet 
.  made  by  the  Commission,  the  method  of  determining  the  gauge  reading 
at  a  place  where  discharge  observations  have  been  made  which  would 
pass  a  given  discharge  with  the  river  thoroughly  leveed,  would  be  to 
prolong  graphically  the  observed  discharge  curve,  continuing  it  with 
the  form  it  had  before  overflow  began  up  till  it  corresponds  to  the  de- 
sired  discharge.  The  gauge  reading  corresponding  to  that  discharge 
would  be  the  corresponding  height  of  the  confined  water  surface. 

These  discharge  curves  at  Columbus^  Helena,  Hay's  Landing,  and  Bed 
Biver  Landing  are  given  in  the  Commission's  report  for  1883.  Any  one 
can  examine  the  result  of  prolonging  them  and  form  an  idea  of  the 
new  gauge  heights,  although  different  persons  would  differ  somewhat 
in  estimating  their  prolongations.  From  the  discharge  measurements  - 
and  the  observations  of  flood  escape  over  river  banks  in  the  floods  of 
1882  and  1883,  by  Mr.  Johnson  and  Mr.  Stewart,  it  is  known  that  in  the 
flood  of  1882  the  maximum  flow  across  the  latitude  of  Columbus,  Ky., 
was  approximately  1,800,000  cubic  feet  per  second,  which  at  Bed  Kiver 
Landing  increased  to  about  2,200,000  cubic  feet. 

With  a  thorough  system  of  levees  these  quantities  would  have  been 
confined  between  the  levees,  and  the  question  now  is,  how  much  would 
the  levees  have  raised  the  river  surface  above  the  height  it  actually  had 
inl882t 

At  Columbus,  Ky.,  overflow  begins  at  about  95  feet  on  the  gauge;  a 
prolongation  of  the  discharge  curve  in  the  way  previously  stated  gives  for 
a  discharge  of  1,800,000  cubic  feet  a  stage  about  3  feet  above  the  flood 
of  1882. 

A  discharge  curve  for  Fulton,  Tenn.,  is  given  in  the  Commission  re- 
port  for  1881.  A  prolongation  of  that  curve  gives  for  1,800,000  dis> 
charge  a  gauge  reading  of  about  72  feet,  or  10  feet  above  the  flood  of 
1882. 

The  maximum  discharge  across  the  latitude  of  Helena,  Ark.,  for  the 
flood  of  1882  may  be  taken  as  1,900,000  cubic  feet.  Prolonging  the 
Helena  discharge-curve  to  this  amount,  the  gauge  reading  is  about  4 
feet  above  high  water  of  1882. 

At  Hay's  Landing,  just  below  Lake  Providence,  the  maximum  dis- 
charge across  its  latitude  in  the  flood  of  1882  may  be  taken  as  2,000,000 
cubic  feet.  The  discharge  curve  prolonged  to  this  amount  gives  a  gauge 
reading  10  feet  above  the  flood  of  1882. 

At  'Bed  Biver  Landing  the  question  of  flood  height  with  high  levees 
will  depend  on  the  amount  of  water  that  is  allowed  to  escape  down  the 
Atchafalaya.  The  maximum  observed  discharge  at  Bed  Biver  Landing 
in  1882  was  1,600,000  cubic  feet.  The  estimated  flow  across  the  latitude 
of  Bed  Biver  Lauding  was  2,200,000,  so  that  if  200,000  or  300,000  cubic 
feet  were  allowed  to  go  down  the  Atchafalaya,  the  flow  below  Bed  Biver 
Landing  would  be  1,900,000  or  2,000,000  cubic  feet,  so  that  the  raising 
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of  all  the  levees  below  Red  River  Landing  would  be  necessary  to  bold 
this  increase  of  300,000  or  400,000  cubic  feet  per  second. 

W^liere  there  was  a  flow  of  from  600,000  to  900,000  cubic  feet  per  sec- 
ond down  the  valley,  outside  of  the  river,  in  the  flood  of  1882,  as  was  the 
case  for  long  distances  above  and  below  Fulton  and  Lake  Providence, 
t^liere  will  be  for  long  distances  levees  needed  whose  heights  above 
tJie  flood  of  1882  will  approach  the  heights  of  those  needed  at  Lake 
I^rovidence  (or  Hay's  Landing)  and  Fulton. 

A.  good  system  of  levees  should  rise  3  feet  above  the  expected  heights 
of  the  confined  water.  No  provision  has  been  made  for  this  in  these 
remarks,  because  at  several  points  the  flood  of  1882  was  the  highest  of 
^vrhich  we  have  accurate  records,  and  in  this  paper  it  has  not  been 
proposed  to  confine  the  highest  floods,  although  that  is  essential  in  a 
-thorough  and  effective  levee  system. 

^or  has  the  possible  lowering  of  the  river  slope,  which  might  occur 
some  time  after  the  building  of  the  levees,  been  taken  into  account.  The 
first  effect  of  building  levees  would  be  to  raise  the  flood  surface.  I 
kDow  of  no  facts  of  experience  which  give  data  for  determining  either 
the  amount  of  such  ultimate  lowering  or  the  time  required  for  it. 

As  stated  by  the  Commission,  a  thorough  study  of  the  subject  of 
leA'ces  has  not  yet  been  made ;  untiHhen,  accurate  estimates  are  impos- 
sible, and  the  heights  above  the  flood  of  1882,  of  3  feet  at  Columbus,  10 
feet  at  Fulton,  4  feet  at  Helena,  and  10  feet  at  Lake  Providence,  given 
above,  are  only  approximations.  Such  as  they  are,  they  make  it  im- 
possible for  me  to  concur  in  the  estimate  of  $11,443,770  as  the  cost  of 
a  £^eneral  system  of  levees  from  Commerce,  Mo.,  to  the  Forts,  adequate 
to  preserve  that  country  from  destructive  floods. 

C.  B.  OOMSTOCK, 

JUeutenant'Oolonelo/EngineerSyand  Brevet  Brigadier- Oeneral, 

President  Mississippi  River  Commission. 

New  YoRKf  December  22, 1883. 

The  Hon.  Bobt.  T.  Lincoln, 

Secretary  of  War. 

(Tbiougli  the  Chief  of  Engineers.) 
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TABLE  OF    TOTAL    EXPBNDITURK8,    CONSTRUCTION    DEPARTMENT,  MISSISSIPPI  RIVKR 
COMMISSION,  FROM  THE  BEGINNING  OF  CONSTRUCTION  UP  TO  NOVEMBER  1,  1883. 

[Covering  ftppropriatioiis  of  March  8, 1881,  and  Aogiut  2, 1882.] 

New  Madrid  Reach 1809,071  11 

Plum  Point  Reach 1,406,216  85 

Memphis  Reach  and  Harbor 268,269  64 

Lake  Providence  Reach 1,225,582  33 

Vicksburg  Harbor 44,5'/2  40 

Delta  Point,  La 49,992  36 

Survey  of  Helena  Reach 7,511  29 

Survey  of  Saint  Francis  front,  first  district 3, 312  91 

Survey  of  Saint  Francis  front,  second  district 3,212  93 

Survey  of  unleveed  fronts,  third  district 496  96 

Survey  of  unleveed  fronts,  fourth  district 

Survey  of  Cubitt's  Gap 137  14 

Choctaw  Bend  snrvey 2,679  86 

Observations  at  CarroUton,  La 3,000  00 

Closing  Bonnet  Carr^  Crevasse 15,000  00 


Second  DUtrid,  * 
Vazoo  front 79,832  25 

Third  Diatriot* 

Tensasfront 291,156  49 

Yazoo  front 313,836  32 

Fourth  DiBtHot. 

Atchafalaya  front 102,947  22 

Tensasfront...... 251,630  81 

Total 4,278,408  87 

TABLE  OF  TOTAL  EXPENDITURES  FROM  SPECIAL  APPROPRIATIONS. 

Natchez  and  Yidalia  (June  30,  1882,  to  November  30, 1883) t2,920  62 

Mouth  ofRed  River  (to  November  1,1883) 51,970  66 

New  Orleans  Harbor  (July  1, 188-i,  to  November  1,  1883) 38, 414  90 

Toial 93,306  18 

Total  from  all  appropriations 4,371,715  05 

Respectfully  submitted. 

Clinton  B.  Sears, 
Captain  JEngineera,  TJ.  8,  A,^ 
Secretary  Ometruction  Commiitee,  IBeaieeippi  Biver  C<mim4$Hon. 
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APPENDIX  A. 

ANHUAL   BXPOBT   OF   THX  SBCBXTART  OF  THB  COMMISSION  UPON  THS  FIELD  WOBK 
OF  BUBYXTB  AND  EXAMINATIONS. 

Office  of  Mississippi  River  Commission, 

2828  Washington  Avendb, 
Saint  Louie,  November  13,  1883. 
Qbnsbal:  I  have  the  honor  to  sabmit  the  following  leport  of  snryeys  and  examin- 
atioDs  daring  the  fiscal  year  ending  Jnne  30, 1883: 

Out^ — Daring  the  year  the  fleet  was  increased  to  accommodate  three  topographical 
parties  by  the  addition  of  two  new  boats,  named  the  Illinois  and  Kentucky,  counter- 
parts, respectiYely,  of  the  Mississippi  ana  Louisiana. 

The  old  boats  have  been  thorougnly  repaired,  aud  the  Pioneer  enlarged.  One  of 
the  iron  lannohes  was  lost  in  a  storm  at  Helena,  about  the  end  of  October.  After 
several  days'  search  by  a  snag-boat,  it  was  conceded  to  be  impossible  to  recover  it, 
and  the  attempt  was  abandoned. 

The  tug  Mignon  and  survey  boat  Missouri  were  inspected  by  Captain  Marshall 
on  February  10,  and  his  recommendations  that  the  Missouri  and  the  hull  of  the  Mig- 
non be  abandoned,  the  machinery  of  the  latter  being  taken  out,  having  been  approvM 
by  the  Chief  of  Eugineers,  haye  been  carried  into  e£fect. 

/MtncmeNte.—The  old  instruments  were  thoroughly  repaired,  as  noted  in  last  report. 
The  following  have  been  purchased  during  the  year:  4  transits,  3  Wye  levels,  4  sex- 
tants, 3  prismatic  compasses,  2  pedometers,  2  hand  levels. 

There  have  been  transferred  to  this  appropriation  from  that  for  the  survey  of 
Northern  and  NorUiwestem  Lakes:  1  chronometer,  1  iron  standard  bar,  1  standard 
meter. 

Organization  and  methods,— -The  only  chanee  to  be  noted  is  in  the  programme  for 
precise  leveling,  in  which  the  instructions  have  been  so  modified  as  to  require  that 
each  observer  Sail  duplicate  his  own  work  in  opposite  direction,  so  as  to  form  a  loop 
beginning  and  ending  on  the  same  bench.  In  this  connection  attention  is  invited  to 
a  report  by  Assistant  L.  L.  Wheeler  on  cumulative  errors,  submitted  herewith. 

Proorese  and  coet, — ^Precise  levels  were  carried  from  Carrollton  to  the  tide  gauffe  at 
Biloxi,  87  mUes;  from  Keokuk  to  Fulton,  171  miles;  and  from  Fulton  to  SaTannah,  21 
miles.  The  last  section  is  a  part  of  the  continuation  of  the  line  to  Chicago,  which 
hts  nnce  been  completed. 

The  cost  of  the  work  in  the  other  sections  was  as  follows: 
Carrollton  to  Biloxi : 

Total  field  cost #2,778  36 

Cost  per  mile  of  duplicated  work 31  93 

Keokuk  to  Fulton: 

Total  field  cost 3,252  05 

Cost  per  mile  of  duplicated  work 19  08 

Cost  per  mile  of  riyer 19  02 

Average  oost  per  mile  of  duplicated  work  for  the  two  sections 23  46 

The  work  on  the  Carrollton-Biloxi  section  was  undertaken  during  the  windy  season 
<m  the  Gulf  coast,  and,  to  meet  this  contingency,  observing  tents  were  providea.  Tills 
was  their  first  use  in  our  work,  and  they  were  found  of  such  great  advaptage  that 
they  have  been  employed  on  subsequent  work,  and  have  enabled  much  windy  weather 
to  be  ntillaed. 

Tliia  section  was  along  a  line  of  railroad,  and  a  hand-car  was  kindly  loaned  by  the 
eompany  for  transportation.  It  was  found  to  so  materially  contribute  to  the  progress 
of  the  party,  that  on  subsequent  work,  lying  along  a  railway  line,  a  liand-car  was 
porchased  and  added  to  the  outfit  of  the  par^. 

The  tabulated  results  of  the  final  computation  for  the  above  lines,  and  also  for  the 
linsfiom  Grafton  to  Keokuk,  noted  in  the  last  annual  report,  are  herewith  submit- 
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ted,  with  field  reports  by  Assistanto  J.  B.  Johnson  and  J.  A.  Paige,  and  report  on  re- 
duction by  Assistant  L.  L.  Wheeler. 

Topography  and  hydrography  was  carried  from  Arkansas  City  to  Greenville,  36  miles, 
and  uom  Lake  Providence  to  Donaldsonville,  353  miles;  a  total  of  380  miles.  Three 
parties  were  engaged  on  this  work,  and  their  performance  may  be  sommarized  as  fol- 
lows: 

First  party,  Assistant  J.  A.  Ockerson,  Arkansas  City  to  Greenville,  and  Natches  to 
Bayon  Sara: 

Number  of  miles  of  river 136 

Number  of  square  miles  of  topographv 321 

Number  of  square  miles  of  hydrography 75 

Total  area  surveyed  in  square  miles 396 

Total  field  cost |23,607  87 

Cost  per  mile  of  river 173  59 

Cost  per  square  mile  of  survey 59  62 

Second  party.  Assistant  L.  L.  Wheeler,  Warrenton  to  Natchez: 

Number  of  miles  of  river 93 

Number  of  square  miles  of  topographv 217 

Number  of  square  miles  of  hydrography 63 

Total  area  surveyed  in  square  miles 280 

ToUl  field  cost |17,879  41 

Cost  per  mile  of  river 192  25 

Cost  per  square  mile  of  survey 63  86 

In  connection  with  the  work  of  this  party  the  sections  of  the  provious  survey,  from 
lialone's  to  Australia,  from  Riverton  to  head  of  Ozark  Island,  from  Bolivar  to  Cypress 
Creek,  and  from  Mound  Place  to  Arkansas  City,  wero  resounded. 

The  sections  named  are  at  and  below  the  principal  crevasses  of  the  flood  of  1882. 
This  work  comprised  21  square  miles  of  hydrography,  costing  |57.G5  per  square  mile. 

Third  party,  Assistant  C.  M.  Winchell,  Lake  Providence  to  Warrenton,  and 
Bayou  Sara  to  Donaldson ville : 

Number  of  miles  ofriver 160 

Number  of  square  miles  of  topography 370 

Number  of  square  miles  of  hydrography 89 

Total  area  surveyed,  square  miles 459 

Totalfieldcost |23,127  85 

Cost  per  mile  of  river 144  54 

Cost  per  square  mile  of  survey 50  39 

For  the  tnree  parties : 

Total  area  surveyed,  square  miles 1,135 

Cost  per  square  mile $56  93 

Field  reports  on  the  above  work  by  assistants  Ockerson,  Winchell,  Wheeler,  and 
Wood,  H.  B.,  are  submitted  herewith. 

Transallnvial  levels  were  completed  on  the  following  lines: 

No.  5.  Up  Cypress  Creek. 

No.  6.  Grand  Lake  to  Bayon  Magon  Hills. 

.N0..7.  Lake  Providence  to  Yazoo  City. 

No.  8.  Saint  Joseph,  west  to  high  land. 

No.  9.  Fort  Adams  to  Avoyelles  Prairie,  and  thence  across  Bayon  BcBof  and  Red 
River. 

The  total  distance  of  164  miles  was  accomplished  in  a  season  of  174  days. 

The  total  field  cost  was  $5,318.90,  giving  a  cost  per  mile  of  (32.43. 

A  report,  by  Assistant  £.  S.  Davis,  of  the  entire  work  is  submitted  herewith. 

Observations  to  determine  the  escape  of  water  from  the  river  were  made  from  Cairo 
to  Vioksburg  at  the  top  of  the  flood  of  1883.  Below  Vicksburg  the  flood  was  not  of 
sufficient  mag[nitude  to  warrant  the  continuance  of  the  observations. 

Determination  of  high-water  marks  have  been  continued,  and  the  low- water  pro- 
file was  extended  from  Commeree  to  Natchez. 

The  observation  parties  mentioned  in  last  report  as  having  begun  work  at  Paducah, 
Columbus,  Helena,  Hays'  Landing,  and  Red  River  Landing,  continued  the  measure- 
ment of  sections  and  discharges  auring  a  year,  at  the  expiration  of  which  they  were 
disbanded.  Tbe  results  have  been  partially  reduced,  checked,  and  tabulated  in  the 
office,  and  are  herewith  submitted,  together  with  reports  of  the  ohiefs  of  the  parties 
at  Paducah,  Columbus,  Hays'  Landing,  nnil  Red  River  Landing. 

To  ascertain  tbo  efiiect  of  the  closure  of  Bonnet  Carr^  crevasse,  a  hydrographio  sur- 
vey of  G  miles  in  front  of  it  was  made  in  November,  1882.  This  survey  is  now,  Novem- 
ber, 1883,  being  repeated. 
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A  reenrrey  of  the  Atchafalaya  was  made  in  December,  1882,  and  January,  1863.  to 
detennine  by  comparison  with  a  previoas  survey,  the  amount  of  enlargement  of  that 
straam. 

I  am  glad  of  another  opportunity  of  bringing  to  the  attention  of  the  committee  the 
aealons  and  efficient  servioes  rendered  by  the  assistant  engineers  and  other  employ^ 
ofthe  Commission. 

The  permsnent  force  was  somewhat  increased  during  the  year  by  the  retention  of 
the  principal  officers  of  the  third  topographical  partr.  The  grade  of  work  has  been 
IdffMr  thim  we  have  heretofore  attainSl  This  has  been  accompanied  by  a  marked 
iMQjOtion  of  cost,  due  to  the  increase  of  rate.  These  gratifying  results  are  largely  due 
to  the  policy  heretofore  pursued,  of  so  arranging  the  work  in  field  and  office  as  to 
admit  of  its  being  done  by  a  comparatively  small  force,  kept  continuously  employed. 

Hie  slight  disadvantages  which  this  system  presents  are  repaid  a  hundred  fold  by 
tiie  personal  interest  in,  and  enthusiasm  for,  the  work  shown  by  a  ver^  large  migority 
of  those  engaged  upon  it;  without  which  the  results  sets  fortn  in  this  report  would 
fa*ve  been  impossible. 

A  feature  ofthe  office  work  of  the  past  year  has  been  the  successful  substitution 
of  printing  from  types  for  hand-lettering  on  our  detail  sheets.  The  cost  is  very  much 
reauoedp  and  the  appearance  of  the  charts  improved.  In  this  connection  the  services 
of  Mr.  J.  A.Ockerson  are  deserving  of  especial  mention. 

For  details  of  expenditures,  the  committee  is  respeotfolly  referred  to  the  itemized 
fltetement  of  expenditures  suomitted  to  the  Commission. 
Very  respectfully,  your  obedient  servant, 

SMITH  S.  LEACH, 
Fini  JAeutenani  of  JEngineen,  Secretary, 

To  Geneial  C.  B.  CoicsTocE, 

Fresidemi  Miatistippi  Biver  Commi$9ian,  and 

Chairman  dmmUtee  on  Surveyt  and  EMmincMonB, 
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wxsal  rxport  upon  a  8bcondart  trianouiatxon  of  the  mississippi  juyeb  bb- 
twkbn  cairo,  ill.,  and  keokuk,  iowa.,  bxbcutbd  xtnbbr  tub  ordbb8  of  thb 
mississippi  rivbe  commission,  188(m81. 

Office  Mississippi  Riyee  Commission, 

Saint  LouU,  Mo.,  December  1,  1883. 

General:  I  have  the  honor  to  submit  herewith  a  memorandum  compiled  from  the 
records  of  this  office,  relative  to  the  secondary  tiiangulation  from  Cairo  to  Keokuk, 
accompanied  by  the  results  in  tabular  form,  and  a  sketch  of  the  system,  the  whole 
intended  to  form  a  final  report  upon  this  portion  of  the  work. 
Vciy  respectfully,  your  obedient  servant, 

SMITH  S.  LEACH, 
First  Lieutenant  of  Engineers,  Secretary, 
General  C.  B.  Comstocx, 

Fresident  Mtseiesimi  Biver  Commissifm  and 

Chairman  of  Committee  on  Surveys  and  Examinations. 

I.— The  system  is  composed  of  146  principal  stations  and  4  auxiliary  stations,  to 
eoonect  the  triangulation  with  the  Chester  and  Cape  LacroLx  bases.  Most  of  the 
stations  are  sitnatSd  on  the  bluffs  on  either  side  of  the  valley.  They  are  connected 
liy  97  single  triangles,  20  quadrilaterals,  3  pentagons,  and  1  hexagon. 

II.— The  work  depends  on  the  following  known  lines: 

1.  A  secondary  base  at  Cairo,  measured  by  a  party  of  the  United  States  Lake  Sur- 
vey. The  lengu  and  azimilth  of  this  base  and  the  geodetic  co-ordinates  of  it«  ex- 
tiemities  were  furnished  by  the  office  of  that  survey.  Its  length  is  1,646.78  meters. 
(For  description  of  this  base,  see  Beport  of  Chief  of  Engineers  for  1877,  Part  n, 
page  1196.) 

£  A  secondary  base  at  Chester.  The  leugth  an)!  azimuth  of  this  base  were  deter- 
mined by  Assistant  G.  T.  Wisner  in  1880.    Its  lenprth  is  3,255.07  meters. 

3.  The  line  Dryer-Insane  Asylum,  at  Saint  Louis.  This  line  was  furnished  by  the 
office  of  the  Coast  and  Geodetic  Survey.  It  depends  for  length  and  azimuth  upon  the 
American  Bottom  base,  opposite  Saint  Louis,  and  for  geodetic  co-ordinates  of  its  ex- 
tiemitiesy  on  tiie  Saint  Louis  astronomical  post.  It  is  in  the  fifth  triangle  from  the 
base.    Its  length  is  13,331.3  meters. 

4.  A  seeon&ry  base  near  Grafton,  measured  by  Assistant  Wisner  in  1881.     The 
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azimnth  of  a  line  noiur  this  baee  was  determined,  but  not  with  sufficient  accuracy  to 
be  used,  except  as  a  check.    The  length  of  the  base  is  2,031.61  meters. 

5.  A  secondary  base  at  T<ouisiana.  The  length  and  azimuth  of  this  base  were  de- 
termined by  Assistant  Wisner  in  1881.  The  base  was  connected  with  the  Louisiaaa 
astronomical  post.  For  description  of  this  post,  see  Report  of  Chief  of  Engineers  tor 
1879,  page  1918.    The  base  is  2,705.10  meters  in  length. 

6.  A  secondary  base  at  Keokuk,  measured  by  Assistant  Wisner  in  1881.  The  asi* 
muth  of  base  was  determined  by  Assistant  John  Eisenmann  in  same  year.  Its  lengtli 
is  1,297.38  meters. 

A  base  was  also  measured,  with  steel  tape,  at  Cape  Lacroix,  but  was  used  only  as 
a  check. 

III. — ^The  following  instruments  were  used : 

Repsold  universal  instrument  No.  1.  Diameter  of  horizontal  limb  10  inches.*  Limb 
graduated  to  4  minutes,  reads  by  two  microscopes  to  2  seconds.  Angles  measured  in 
order  around  the  station,  positive  and  negative,  direct  and  reversed.  Eight  sets  were 
taken  uniformly  distributed  over  the  limb,  giving  16  pointings  at  each  station. 

Troughton  &  Sinmis  No.  1.  Diameter  of  horizontal  limb,  10  inches.  Limb  grad- 
uated to  5  minutes,  reading  by  two  microscopes  to  one  second.  Programme  same  as 
for  Repsold. 

Troughton  &  Simms  No.  2  (of  the  Mississippi  River  Commission).  Same  as  Trough- 
ton  &  Simms  No.  1.    Programme  same  as  for  Repsold. 

Troughton  &  Simms  No.  2  (of  the  Lake  Survey).  Diameter  of  horizontal  limb,  12 
inches.  Limb  graduated  to  5  minutes  reading,  by  two  microscopes  to  one  second. 
Programme  same  as  for  Repsold. 

None  of  the  instruments  closed  the  horizon.  The  limit  of  closure  of  triangles  was  6 
seconds.  The  instruments  were  mounted  on  tripods  of  rough  timber,  which  were  left 
standing.  The  observer  stood  on  a  platform  disconnected  from  the  instrument  sup- 
port. 

The  stations  were  marked  by  stones  3  feet  in  length,  dressed  to  6  by  6  inches  at  one 
end,  the  balance  rough.  A  small  hole  was  drilled  in  the  top.  They  were  planted 
vertically,  the  top  ])roJectinpf  but  a  few  inches  above  ground. 

The  targets  used  in  the  tnangulation  from  Cairo  to  Grafton  were  octagonal  poles 
covered  with  alternate  zones  of  black  and  white  cloth.  A  nail  in  the  bottom  was  set 
in  the  hole  in  the  top  of  the  marking  stone,  and  the  target  was  then  plumbed.  When 
the  station  was  occupied  the  target  was  removed  and  reset  before  leaving. 

For  the  greater  part  of  the  stretch  from  Grafton  to  Keokuk  the  target  used  con- 
sisted of  four  parallel  wires  fastened  at  bottom  to  a  circular  block  by  a  wire  ring,  and 
fastened  above  by  three  other  horizontal  wire  rings,  which,  with  the  block  at  bottom, 
divided  the  target  into  three  sections.  Strips  of  white  cloth  were  fEwtened  to  oppo- 
site wires  of  the  first  and  third  sections,  one  strip  to  each  section,  and  at  right  angles 
to  each  other.  A  strip  of  black  cloth  was  fastened  at  an  angle  with  the  white  strips 
to  two  auxiliary  wires  attached  to  the  second  and  third  rings. 

This  target  gave  no  phase,  and  presented  an  illuminated  surface  whether  the  sun 
was  before  or  behind  it.  To  suppoit  the  tsxget  a  cross-piece  was  fastened  to  the  top 
of  the  platform  which  supported  the  observer,  and  above  the  observer's  head.  A  hole 
in  the  cross-piece  was  centered  over  the  hole  in  the  marking  stone.  A  nail  projecting 
from  the  block  at  bottom  of  target  was  placed  in  this  hole,  and  the  target  was  then 
plumbed  and  ^uyed  to  the  corners  of  the  platform.  The  target  was  not  disturbed 
when  the  station  was  occupied. 

IV. — For  the  preliminary  reduction  single  triangles  were  adjusted  to  closure  (quad- 
rilaterals and  pentagons  were  adjusted  to  satisf;^  local  conditions),  side  and  azimuth 
equations  being  neglected.  The  lengths  and  azimuths  of  sides  were  then  computed 
for  the  stretches  given  below.    The  discrepancies  were: 


From— 


To^ 


Kunber 

of 
triaogleB. 


DlBorepanoies. 


In  length.      lu  arimnth. 


Cairo 

Chester.... 
SaiDtLoaia 
Grafton  — 
LoniBiana.. 


Chester.... 
Saint  Louis 

Grafton 

Lonlslana.. 
Keokuk  . . . 


89 
28 
85 
22 
25 


fi.000 

100,000 

80,000 

13.000 

25,000 


Obf.— eof»0. 
// 

+2L8 
•f  9.9 


t-10.2 
+  4.8 


*  Erroneooaly  stated  as  12  inches  in  previous  reiwits. 
t  Saint  Louis  to  Louisiana. 
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The  final  Tednction  was  made  separately  for  each  of  the  five  stretches  into  which 
the  work  was  divided  by  the  six  known  lines  before  ennmerated.  It  consisted  of  a 
least  square  a^nstment,  in  which  the  observed  lengths  and  azimnths  of  bases  were 
aasnmed  as  correct,  and  all  ansles  were  given  equal  weight. 

The  conditions  to  be  satisfied  by  the  finally  adjusted  angles  were  that  all  triangles 
dionld  close,  and  that  the  computed  lengths  and  azimuths  of  bases  should  agree  with 
their  measured  lengths  and  azimuths.  The  geodetic  co-ordinates  were  then  computed, 
all  latitudes  and  longitudes  being  referred  to  the  Cairo  astronomical  post. 

The  final  discrepancies  between  the  observed  values  of  latitudes,  longitudes,  and 
asimaths  and  the  corresponding  values  as  computed  from  Cairo,  are  as  foUows : 


lAtttade. 

LoDgitode. 

Arimnth. 

ChMter 

Obtn—comp. 
II 

•+6. 13 
+4.77 
+1.56 

II 

—0.12 

Saint  Louis 

-2.00 
-LOO 

+0.17 

ThkiMaim  , ..  ,     , 

+0.04 
—0.03 

KflAknk , , 

*  Latitude  at  Chester  only  approximate. 

A  special  report  on  the  least  square  adjustment  of  the  stretch  from  Cairo  to  Grafton, 
prepared  by  AsBistant  G.  Y.  Wisner,  who  made  the  computation,  may  be  found  in  the 
Seport  of  the  Mississippi  River  Conmiission  for  18R2,  page  62. 

TaimUUed  resulU  of»eoondary  MangulaUonfrom  CairQ  to  Keokuh, 


Ko. 

Stations. 

Ouseived 
angles. 

Adjusted 
•ngles. 

Distanoe. 

Azimuth. 

Latitude. 

Longitude. 

Sonth  Bue 

108  10  51.68 
88  25  10.24 

83  14  50.76 

0L68 

71  57  02.60 

68  18  0&  10 

80  44  65.05 

06.75 

26  03  27.60 
68  0127.70 

84  65  08.64 

03.04 

88  67  40.24 

62  40  0&  60 
87  2160.04 

66.78 

87  20  03.76 

63  16  12.28 
70  24  40. 15 

05.10 

84  46  43.83 
6116  55.67 

88  67  2a  12 

60L02 

83  24  07. 12 

86  00  12.54 

60  26  40.00 

60.66 

85  17  40.47 
116  2183.05 

28  20  44.54 
68.06 

67  55  51. 00 

68  26  IL  05 
63  88  52.82 

64.06 

68  17  21.17 

01  36  10.07 

80  06  83.02 

04.26 

II 
60.76 
10.71 
40.55 
00.01 

0L33 
04.66 
64.04 
00.08 

24.03 
25.54 
00.55 
00.02 

40.62 
00.46 
60.04 
00.01 

01.30 
11.24 
47.47 
00.01 

48.71 
55.08 
21.22 
00.01 

06.87 
13.43 
40.21 
00.01 

4a  71 
33.02 
4a  27 

oaoo 

62.17 
13.33 
64.61 

oaoi 

20.01 
08.10 
8L82 
00.02 

Meten. 
1.646.78 
2. 851. 28 
1,866.65 

2,86L28 
4,230.74 
4,143.21 

4,280.74 
1,860.71 
8.874.38 

1,860.71 
8.080.67 
2,440.50 

2,440.60 
1,611.80 
2,225.37 

1,51L80 
2,604.42 
2,872.01 

2,694.42 
1,705.18 
8,000.60 

1,705.18 
2,075.03 
8,217.08 

2,075.03 
2, 183. 28 
2,305.83 

2,183.28 
8, 702. 60 
4,360.66 

O        t          H 

172  32  07  10 
30  57  21.69 
244  11  35. 51 

80  67  2L  60 
142  88  4L  30 
282  62  44.56 

142  88  41.80 
253  36  18. 06 
348  4147.26 

253  36  13.  06 
126  17  0a25 
343  38  Oa  61 

163  88  23.44 
46  53  17.85 
806  17  3a  40 

46  53  17.85 
165  35  55. 85 
31138  1a  28 

165  35  65.85 

71  44  52.02 

812  10  63. 60 

71  44  52. 82 
135  22  4a  37 
287  011a  52 

135  22  4a  37 

23  47  la  12 

257  25  51. 13 

23  47  la  12 
112  10  4a  43 
262  02  52.01 

o       /         '/ 

37  01  2a  07 
37  02  21.94 
37  01  02.61 

0       t       If 

80  11  23  10 

KorthBeae  ......... 

80  11  81.84 

Bowles 

80  12  8L 18 

XorthBeae 

Bowles 

Taylor 

87  02  6L  08 

80  14  la  28 

Bowles 

Taylor .............. 

Himbos 

87  03  00.04 

80  13  02.60 

Taylor 

Ximbns 

Dickey 

87  04  oa  17 

80  14  4a  21 

Taylor 

Dickey 

Sawse  .............. 

37  03  34.67 

80  16  27.87 

Diekey 

Bowse 

Hurray 

87  04  60.82 

80  15  66.00 

Bowse 

Murray 

MSesonri  Sister 

Hvnay 

37  04  41.09 

80  17  00.56 

Missouri  Sister 

8plese*sMm 

Missouri  Sister 

Spiese'sMill 

SOTdder 

87  05  20. 00 

80  17  60.58 

87  04  26.00 

80  18  86.28 

10 

Spiese'sMUl 

Sbodder 

11 

18 

PnniaedLaad 

87  06  ia41 

80  20  64.00 
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Ko. 


Stations. 


Obaenred 
angles. 


A^nst*d 
angles. 


Distance, 


Aiimiitli. 


LaUtade. 


Longitada. 


24 
Si' 

84" 


8piese*sMlll .. 
Irtnnised  Land 
Attaerton 

Promised  Land 

Atherton 

Goose  Island . . 

Atherton 

Goose  Island . . 
Powers  Island. 

Atberton 

Powers  Ldand. 
Barnham 

Powers  Island 

Bnmham 

Commeroe 

Bomham , 

Commerce 

Santa  F6 , 

Comneroe  .*... 

Santa  F6 

Hoftier «, 

Santa  F6 

Hofner 

Lassar 

Hoftier , 

Lassar 

Uncle  Joe 

Lassar 

Uncle  Joe 

Thebes 

Undo  Joe 

Thebes 

Grand  Chain.. 

Thebes 

Grand  Chain... 
Day 

Thebes 

Day 

South  Bsse 

Day 

South  Base 

North  Base.... 

Grand  Chain.. 

Day 

Cape  Lacroix  . 

Day 

Cape  lAcroiz  . 
Sexton's 


34  35  25.86 

115  14  83.92 

30  00  00. 13 

5&71 

42  27  04.71 
80  62  28.85 

87  40  2441 

57.47 

84  67  5140 

42  60  35.04 
52  1131.22 

58.60 

36  03  01.16 

86  28  50.35 
57  28  07.66 

50.17 

55  54  43.28 

82  06  10.50 
41  50  05. 80 

50.08 

67  08  44. 06 

67  08  19. 64 

46  42  51.78 

56.38 

43  81  21.05 
70  07  82. 83 
66  2106.20 

oaod 

57  36  48.20 

56  41  32. 73 

65  41  38.04 

50.07 

58  12-37.58 

83  40  18. 54 

88  07  01.33 

67.40 

33  42  06.83 

70  55  14. 77 

75  22  38. 61 

01.21 

50  08  28.60 

72  33  18.03 

48  17  10.61 

68.28 

6130  41.12 
78  28  01.25 

45  01  14.45 

56w82 

28  08  43.48 

75  06  60.28 

76  43  iai2 

01.88 

58  51  28. 88 
54  16  54.38 

66  51  36. 26 

00.52 

36  22  38.82 

87  25  88.45 

46  11  38.71 

57.48 

58  40  08.66 

62  40  45. 80 

58  80  07. 10 

56.66 


26.71 
83.71 
60.63 

oao5 

04.94 
80.01 
25.08 
00.03 

53.82 
84.73 
8L77 
00.03 

01.24 
60  12 
0a65 
00.01 

42.81 
1L35 
05.75 
00.01 

46.20 
20.15 
63.67 
00.02 

20.38 
33.52 
06.17 
00.0? 

48.26 
32.16 
38.50 
00.01 

87.72 
10.81 
02.38 
00.02 

06.24 
13.85 
88.82 
00.01 

28.66 
20.10 
1L25 

oaoi 

42.17 
01.68 
16.21 
00.01 

42.86 
58.65 
17.48 
00.00 

28.71 
54.20 
86.08 
00.00 

88.30 
38.87 
40.74 
00.01 

03.26 
47.41 
U».83 
00.00 


Jfstort. 
4. 35a  56 
4,014.80 
7.830.78 


i  814. 80 
3.347.86 
3.178.48 


8.847.36 
4.220.48 
2,880.98 


2,880.88 
2,010.96 
8,410.67 


2,010.96 
2,489.67 
2,977.70 


2,489.67 
8,204.80 
8,204.63 


3.204.80 
2,409l26 
8,290.22 


2,400.26 
2.282.38 
2,200.33 


2.232.38 
8,074.00 
3,694.48 


8,074.00 
1.762.76 
3,002.37 


1,762.78 
2,027.48 
2,252.82 


2,027.48 
2,610.18 
2,747.74 


2,747.74 
1,332.46 
2,72&60 


1,332.46 
1.240.22 
1.176.47 


2,619.18 
2.070.81 
3,461.86 


2.070.81 
2,070.64 
2,158.77 


82  04  38.13 
146  48  18120 
296  87  12.88 


146  48  19.20 

6  30  43.46 

284  10  50.04 


6  89  48.48 
143  48  59.23 
27186  26.67 


91  87  36.98 
186  07  86.46 
807  39  82.19 


185  07  36.45 
87  13  62. 19 
800  11  67. 11 


87  13  52.19 
200  04  81.20 
834  22  04.47 


800  04  31.20 

00  12  81.65 

836  82  38.83 


00  12  31.65 
213  30  00.60 
327  48  61.09 


213  30  00.60 
117  10  80.60 
885  16  46.95 


117  10  50. 59 
226  14  29.61 
830  62  21.01 


226  14  20L61 
118  48  20.98 
847  04  4&  60 


118  48  20.93 

226  19  86.71 

00  19  08.47 


180  19  03.10 

76  26  08.12 

882  06  4«.  96 


75  26  03.12 
20108  87.27 
314  17  1&89 


225  19  85l71 

148  46  69.65 

8  57  09.68 


142  45  59.65 

260  04  41.47 

2126  22.24 


87  07  28.82 


89  29  48.96 


87  05  861 96 


89  23  6a  98 


87  07  26.46 


89  24  89171 


87  08  81.43 


89  24  32.43 


87  06  27.52 


88  26  13.19 


87  10  0&  16 


I  25  2a  60 


87  10  05.44 


88  27  Oa  26 


87  11  05.83 


89  26  la  39 


87  U51.36 


89  88  07.18 


87  12  30.91 


89  27  1&  66 


37  13  02.69 


89  28  27.61 


87  14  00.04 


89  27  14.98 


87  13  4a  17 


89  28  07^26 


87  14  2a  69 


89  27  4a  10 


87  14  6a  61 


89  28  0a9f 


87  16  0a07 


89  26  4199 
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Ka 

Stotioos. 

Oboerred 
angles. 

A^OSt'd 
angles. 

Distance. 

Asimnth. 

Latitode. 

Longitude. 

25 

CapeLacroiz 

6e£fccm'* 

o    /       // 

83  07  19.71 

86  04  ia03 
10  48  2428 

02.02 

46  56  12.61 
65  08  54.01 
C7  54  56. 38 

oaoo 

46  4144  33 
06  52  55. 53 

87  25  22.20 

02.06 

45  36  2a  02 
85  49  la  72 

48  84  la  11 

5a  75 

88  58  6a  32 

89  10  21.69 
51  50  39.49 

5a  50 

42  46  3a  88 

82  26  6a  37 

54  46  22.85 

57.11 

49  40  11.50 
102  12  07.34 

28  07  41. 20 

00.04 

49  50  51. 61 

55  87  47.49 
74  81  2&  60 

0470 

107  18  01.20 
88  22  Oa  69 

84  19  50.18 

6a  07 

85  09  37.54 
65  21  ia42 

79  29  03. 67 

5a  63 

76  43  50.24 

54  17  47,80 

40  58  11.70 

5a74 

83  11  iao3 

65  49  39.68 

80  60  00.62 

58.33 

29  46  57.20 
60  23  07.65 
80  49  67.19 

02.04 

72  28  4a  17 

66  80  6a  40 
88  51  IL  69 

5a  26 

87  54  62.30 

49  42  1413 
92  22  45.92^ 

52.85 

86  82  la  16 

50  10  oa  08 
98  08  80. 10 

5a  43 

ia7i 

14  68 
2a  66 
00.05 

ia74 
52.06 
56.52 
00.22 

42.94 
55.47 
21.82 

oa23 

2a  69 
17.85 
ia72 
00.26 

66.36 
22.39 
41.45 
00.20 

36.66 
6a  05 
23.42 
00.13 

11.31 

oaoi 

42.25 
00.17 

50.11 
4a  46 
24.62 
00.10 

0L48 
07.74 
50.97 
00  10 

38.60 
ia20 
05.47 
00.27 

60.00 
4a  24 
12.85 
00.18 

17.47 
4a  26 
02.02 
00.35 

67.79 

oa55 

6a  01 
00.33 

47.02 
60.42 
11.92 
00.26 

52.00 
ia58 
4a  63 
00.20 

14  62 
05.64 
8a  82 
00.06 

Meters. 

2, 07a  04 
10,063.46 
ll,0ia98 

10,063.46 
a64405 
10, 73a  88 

8,644.05 
10,851.34 
14 14a  53 

10,351.34 
0, 865. 18 
13,789.21 

8. 86a  18 
7,892.25 
12, 544. 88 

7,892.25 
6.561.56 
9,577.75 

6,561.66 
10.600.07 
13.60a45 

10,600.97 
8,414  61 
0,086.99 

8,41461 
U,  24a  80 
9,26185 

14. 24a  30 
8, 34a  58 
13, 16a  78 

8,343.58 
10, 56a  46 
8,848  50 

a84a50 

17, 066. 00 
15,661.23 

17, 06a  00 
a587.07 
16, 180. 86 

8,687.07 
13,053.84 
12,760.30 

13,053.84 
8,028.1)4 
9,962.43 

8, 02a  04 
4. 78a  68 
6,187.72 

0    /       // 
260  04  41.47 
166  00  4a  26 
356  57  oa  36 

166  00  4a  26 

280  58  4a  75 

83  08  21.30 

280  50  4a  75 
106  53  ia28 
54  22  49.65 

106  56  la  28 
102  46  4a  58 
331  17  oa  42 

102  46  4a  58 

103  32  25.31 
32142  20.64 

193  32  2a  31 

96  00  11. 14 

330  43  52.75 

06  00  11.14 
173  45  22.72 
825  87  11.79 

173  45  22.72 
298  07  0a  68 
43  88  4a  47 

298  07  0a  68 
156  32  20.83 

10  40  50.45 

156  32  20.83 
271  08  4a  28 

11  43  oaoo 

271  08  4a  28 
145  20  5070 
15  25  42.09 

195  24  4419 

81  15  2a  25 

292  07  23.06 

81  15  23.25 
10145  14  79 
290  66  02.60 

10145  1479 
80  25  6a  04 

299  11  4a  88 

80  25  69.04 
210  38  17.88 
208  17  11.81 

210  88  17.88 
840  20  54.90 

07  12  6a  46 

Of        // 

O      /          It 

26 

27 

Yknl 

87  20  60.88 

89  28  20.63 

27 

Flo»l 

28 

Clear  Creek 

87  18  5a  75 

89  S2  44  84 

27 

Flonl 

28 

Clear  Creek 

79 

n^iflr  T*k* 

37  25  17.04 

89  20  42.20 

?8 

Clear  Croek 

?8 

BlnffLake 

80 
20 

BlnffLake 

37  26  2a  64 

88  27  la  57 

80 

Mgca-ii.  Spring.... 

81 

37  30  87.42 

88  25  5a  88 

80 

81 

88 
81 

Indian  Creek 

Rich 

87  30  59.60 

89  80  2406 

32 

Indian  Creek 

i^l^  , .      

38 

37  86  4L  72 

89  81  IL  11 

82 

Indian  Creek 

Silica 

88 

84 

Big  Muddy 

87  34  82.97 

89  26  0a67 

83 

SOica 

84 

BigHuddT 

86 
84 

Fountain  BlolT...... 

BigHoddy 

87  41  3a  77 

80  80  00.16 

85 

FonntainBlnff 

Swallow  Book 

Foontain  Bluff 

SwaUowIlock 

Worthon 

86 

85 

37  41  3L  23 

89  24  19.67 

86 

87 

37  46  ia45 

89  28  24  07 

85 

Fountain  3lQff 

Worthen 

87 

88 

Backbone  

87  44  4a  74 

89  89  6a  09 

87 

Worthen 

88 

BaektMine 

89 

O'Harrah 

37  40  21.42 

89  88  41  57 

8ft 

Backbone 

88 

O'Harrah 

40 

H^m^kn   r  r 

87  48  laTB 

89  47  27  73 

88 

O'HuTmh .  T  X , . ,  r  - , , . . 

40 

Kinion 

41 

Manskeai 

37  515474 

88  44  4a  3i 

40 

XiUkm 

41 

Manakeav 

W 

Lower  Base 

87  48  2a  52 

89  43  8458 
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No. 


Obaetred 
anglea. 


A4Ja8t*d 


Distance. 


Asimntih* 


Latitade. 


LoDgltnda. 


40 
41' 
41" 


40 
41 
42 


40 
42 
48 


42 
48 
44 


48 
44 
45 


44 

45 
46 


44 

48 

47 


46 
47 
48 


47 
48 
40 


47 
40 
50 


40 
60 
51 


50 
51 


51 
52 
58 


62 
58 
54 


53 
54 
65 


54 
65 
56 


KUllon 

Lower  Base 
Upper  Base 

irnnnft 

Manskear .. 
Cheater .... 

Killion 

Chester.... 
Bozier 

Chester.... 

Bozier 

Yaose 

Boder 

Yaase 
Kaska 

Yanae 

Kaskaskia  ... 
Beagan 

Yaaae 

Beagan 

ComU 

Beagan  

Conrell 

Brewonrille .. 

Oorxell 

Brewerville.. 
Magnolia 

Correll 

HagnoUa 

Connty  Line  . 

Magnolia 

County  Line . 
Briokey 

Connty  Line  . 

Briokey 

Kidd 

Briokey 

Bldd 

Cesar's 

Kidd 

Cesar's 

Weisenbom.. 

Cesar's 

Weisenbom.. 
Heronlanenm 

Weisenbom. . 
Heronlanenm 
Salt  Bluff..... 


o    t     tt 
8127  48.01 

65  42  85.84 

82  40  87.48 

56L88 

40  08  80.00 

94  20  8a  40 

45  8108.67 

04.16 

48  4168.80 
74  08  16.48 

67  09  47.76 

67.88 

29  40  27.47 

114  20  1&  69 

85  60  10.80 

66L96 

68  15  22.28 
78  08  5L  68 

48  40  47.14 

0L05 

60  42  80L88 

83  48  83.70 
45  28  5L  24 

55.91 

89  27  22.78 
78  88  02.83 

66  54  8a  04 

03.10 

44  46  86.02 

54  1106.79 
81  02  ia72 

57.48 

78  10  06.22 

67  17  88L95 

49  28  12.47 

57.64 

85  25  18.94 

112  52  41.02 

8142  03.60 

6a65 

67  09  00.98 

66  24  08.98 

66  26  42.82 

•L28 

58  4100.09 

72  16  13.48 

49  02  8&  60 

•L26 

48  00  87.80 
8149  55l06 

55  09  25.93 


65  19  6a  21 

63  69  02.25 

514102.16 

03.62 

46  82  6a  42 

88  16  02.46 

60  10  60.87 

55.75 

6150  4^94 
65  46  00.66 
62  14  17.00 

oaoo 


44w26 
8a  41 

8a  88 

oao5 

2a  82 
2a  53 

oaoo 

00.15 

5a  01 
ia82 

4a  94 

oa37 

2a  75 

ia87 
iao8 
oa20 

2a  14 

51.00 
47.05 
00.19 

8L02 
8a43 


oa28 

21.50 
0L78 
8a  80 
00.27 

oaoi 

07.29 
14.81 
00.11 

oa66 

8a97 

ia49 

00.11 

14.64 

4L10 
04.88 
00.12 

oa40 

00.01 
4L73 

oai4 

oa79 
ia84 

8a  06 

oaio 

87.55 
6a  27 
2a  87 

oaio 

6a  27 
00.69 
01.20 

oai6 

54.70 
04.86 
61.14 
00.20 

4a  04 
00.03 
17.00 
00.16 


Jfstert. 
6,187.72 

a25ao7 

5^684.44 


8^02404 
7,25a  98 
ll,8ia89 


11,819  89 
10,06L77 
13,84a01 


10,03L77 
8^62L78 
16b61L56 


a62L78 
9,00a83 
11,10L40 


9,00a83 

a86ai2 

13,677.47 


12;  677. 47 
8,757.93 
18, 22a  07 


8,757.93 
6,244.91 
7,189.71 


6,244.91 
7,880.26 
6, 92a  23 


6, 92a  23 
7,634.70 
12, 13a  64 


7,684.70 
8^  44a  68 
7,680.95 


8;  44a  68 
0,550.64 
10, 64a  12 


0,55a  64 
7,937.66 
ll,5ia81 


7.037.86 
0,10a68 
9,0ia07 


9, 19a  88 
8, 68a  44 
11, 887. 10 


8.689.44 
8,669.98 
8,lia64 


247  10  8a  49 

182  55  8L  86 

85  44  11.45 


210  88  17.88 
125  00  2a  07 
860  20  0a  03 


170  29  4a  56 

64  87  la  85 

801  48  2a  60 


64  87  la  85 
180  13  1a  29 
274  20  ia62 


180  18  ia29 

282  06  87.60 

8  28  5L87 


282  06  87.60 

185  58  1a  85 

124ia60 


18124  0a  78 
75  02  ia88 
82158  1a  67 


75  02  ia88 
800  47  8448 
280  46  1&  70 


200  47  8448 

78  06  la  47 

807  26  0a  04 


127  28  27.88 
194  88  27.94 
842  52  12.14 


194  83  27.94 
70  58  2a  53 
807  21  4a  18 


70  58  2a  53 
178  88  5L 10 
800  86  0a  82 


178  88  51.10 

80  28  4L  66 

815  84  4a  81 


80  28  4L  65 
107  26  2a  25 
825  46  3L 12 


107  26  2a  25 
100  43  8a  68 
880  510a  44 


100  48  8a  68 
224  63  60.27 
842  42  1a  24 


87  60  4a  41 


80  45  la  01 


87  54  Oa  65 


89  48  4a  5S 


87  51  5a  08 


89  54  6486 


87  54  4a  48 


89  50  2a  78 


87  57  4a  48 


89  54  2a  77 


88  018a  48 


80  50  oa  01 


88  00  2a  00 


00  04  5488 


88  08  8a  85 


00  03  2a  80 


88  02  4a  54 


00  08  4a  le 


38  06  4a  21 


80  07  2L  86 


88  05  la  82 


90  12  4a  87 


88  10  2a  40 


00  12  5a  18 


88  00  80.78 


00  18  ia70 


oa  14  24  24 


00  16  2a  40 


88  15  la  55 


80  22  17.64 


88  18  8a  66 


00 18  oa  66 
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Tabulaied  resulU  of  secondary  iriangulaiion  from  Cairo  to  Keokuk — Continued. 


Statlaas. 


55  Hrrcnlanenm  .... 

56  EaltBrnff 

57  Snlpbiu-  Springs  . 


SsltBlnff 

Siilpbnr  Splines. 
Meraoieo .'... 


56     SaltBloff.. 

58  MeranitiC.. 

59  Bocan 


lieramec 

Bocan 

Gammdrahimer  . 


Bocan 

Gnnimerehimer  . 
TwinUoUow.... 


60  •■  Gnmmerehimer  . 

61  Twiu  Hollow... 

62  Diyer 


60     Gnmmer&himer . 

62  Do'ir 

63  Forder 


Dryrr 

Fordrr 

Insane  Aajliun. 


62     Dryer 

64  Insane  Asylum. 

65  Clark**  Moond . 


64  Insane  Asylnm. 

65  Clark's  Monnd .. 

66  Stand  Pipe 


ClarU's  Monnd . 

Stand  Pipe 

Sugar  LcHLf 


Stand  Pipe. 
Susar  Loaf.. 
Bobinson.... 


Stand  Pipe. 
Robinson  .. 
Soecbtig  ... 


n  ■  Robinson.. 
So<cbti2  . 
Pettingill  . 


Robinson.. 
Pvttinpll 
Tempin . . 


Pettindll  . 
Ti'rrapin . . 
Moote 


5908  £N- 


ObserTed 

angles. 


i^r^'^-t.-- 


16.48 
33.50 
10.  l.-) 
00.13 


Metrrt. 
8,  UGO.  08 
6,  77;J  04 
8. 104. 13 


24.  59  I  0. 773. 04 

51.  f.O  9,  no:.  15 

44.07  10, 059. 80 
00.16 

45.02  10.  pro.  80 

14.  73  7.  037. 00 

59.  49  ;  7, 005. 82 

00.14  ! 


43.67 
31.15 
45.30 
00. 12 

51.46 
20.  02 
48.03 
00.11 

60.73 
50.39 
03.01 
00.13 


7,037.96 
7.074.J-9 
8,  &3i^.  68 


7. 074. 89 
0,213  05 
9, 446. 62 


6, 213.  03 
0. 08U.  8(1 
8,404.69 


45.76  8,494.69 
47.  f  8  8.  232. 67 
20.53  '10.688.27 
00. 17 

01. 86  !  8, 212. 67 
59  00  10.373.58 
5a  37  ,13,331.28 
00.22 

53. 73  'l3, 331. 28 
09.10  "  ~  "  " 
57.55 
00.47 


18. 387  10 
14,116.73 


17.  70  118. 387. 10 


45.03 
57.05 
00.38 


15.717.51 
0,606.16 


18.51  15,717.51 

28.44  17.801.48 

13.00  14.006.56 
00.55 


08.15 
30.81 
15.46 
00.42 

57.38 
12. 36 
50.37 
00.11 


17, 801.  48 
10, 01 1. 19 
9,  9j7.  31 


9, 037. 31 
5.  738.  84 
7, 485. 20 


86.  97  5, 75&  84 

55  63  5. 948  35 

26. 45  I  3. 834. 90 
00.05 


51.80 
36.  '21 
32.  02 
00.03 

32.68 
25.80 
61.48 
00.02 


3, 834. 90 
3. 33a  31 
5,800.73 


3. 338. 81 
2,  74  a  09 
4,263.92 


Azimatb. 


224  53  59  27 
107  21  0-.  83 
357  33  33. 93 


107  21  Oa  83 
2U5  58  32. 28 
348  20  36.86 


168  21  33. 42 
3(j4  47  22. 13 
27  59  50. 50 


304  47  22. 13 
203  26  21. 14 
73  58  la  51 


203  26  ?1. 14 
113  49  5{.82 
342  17  la  12 


113  40  53.82 

235  58  31.70 

17  47  01. 09 


197  45  54. 55 

97  II  4a  97 

328  30  45. 61 


97  11  4a  97 
186  21  19.09 
328  13  50.30 


148  16  50. 83 
278  20  41.11 
52  25  32. 25 


278  26  41.11 
130  04  14.84 
39  45  OL  92 


130  04  14.  84 
25H  40  3.').  83 
21  53  5d.  69 


258  46  35.  83 
112  02  44. 30 
10  17  13. 50 


100  16  27.68 
321  49  01.23 
45  28  43.07 


321  40  01. 23 
ISO  02  30. 08 
08  15  56.04 


248  14  24.26 
170  14  32. 85 
35  07  59. 10 


176  14  32. 85 
207  51  01.31 
36  22  1LU 


Latitude. 


38  19  41.09 


38  24  23.78 


38  22  la  48 


38  25  43.68 


88  27  05.35 


88  30  06.33 


38  30  30.64 


38  36  1190 


88  84  45.75 


38  40  13.50 


38  42  05.33 


88  45  30.68 


38  43  03.85 


88  46  la  76 


88  48  04.70 


88  48  oa  12 


Longitude. 


00  22  8L  84 


90  10  36.79 


00  15  3a  60 


90  13  42.67 


00  17  87.08 


00  11  5&71 


00  17  82.83 


00  16  4&87 


90  04  la  07 


00  12  8L61 


00  00  2a  01 


00  11  laio 


00  08  5a  74 


00  08  5a  56 


00  08  5a  63 


00  07  05.^ 


2450   REPOKT  OP  THE  CHIEF  OP  ENGINEERS,  U.  8.  ARMY. 

Tabulated  re$ult$  of  ieoondary  triangulationfrcm  Cairo  to  Keokuk-^ontismed. 


Ka 


Stations. 


ObBerred 
angles. 


A(Un8t'd 
angles. 


Distance. 


Asimath. 


Latitude. 


Longitnde. 


80 


Terrapin 

Moore 

Mi«8oari  River.. 


Moore 

M  i88oari  River. 
Gillan. 


Mi  SHonri  River. 

Gillon 

Stiiriey 


Gillan.. 
Shirley. 
Gesler. . 


75     Shirley.... 

70     Gesler 

77     Ringcring . 


Shirley.... 
Ringcring . 
Freeman  . . 


Ringcring . 
Freeman .  - 
Russell.... 


Freemsn 

Rntisell 

Glass  Works . 


Russell 

Glassworks. 
Watkins 


Glassworks. 

Watkins 

Strong 


GhiBS  Works . 

Strong 

Alton 


Strong  ... 
Alton  .... 
Saw  Mill. 


Strong 

SawMUl.. 
ICioholson. 


Saw  Mill 

l^icholson 

Hup  Hollow.. 

Nicholson . ... . 
Hop  Hollow. . 
Weper 


Hop  Hollow. 

We 

Hu 


80  24  Sa  M 

45  18  14. 17 
104  16  47. 54 

00.35 

83  29  37. 80 

86  14  42. 46 
30  15  42. 05 

02.11 

87  32  88  94 
104  20  09. 23 

37  58  11.71 
59.88 

82  00  57. 88 

65  34  18  65 

82  24  41.55 

58.08 

111  01  06.72 

36  48  03. 92 

32  10  47. 67 

58.31 

37  04  16. 14 
HI  41  31.95 

81  14  09. 32 

57.41 

58  13  15.31 

72  01  60. 25 

49  44  45. 76 

0L32 

48  05  30. 53 
97  14  5a  68 

84  89  34.78 

03.99 

87  16  43.81 

62  10  49. 50 

60  32  27. 70 

01.01 

72  15  44. 93 

61  22  25.  59 

46  21  4a  51 

59.03 

80  10  34. 97 

66  47  50. 15 

83  0131.69 

5a  81 

84  06  4a  40 

112  32  09. 62 

33  21  04. 8!} 

00.87 

29  81  la  35 

111  25  50.62 

89  02  52. 32 

59.29 

86  89  la  09 

100  17  57. 97 

43  02  4a  33 

00.89 

63  11  33.17 
80  17  47. 36 
86  80  3a  33 

6a80 

47  86  04.34 
66  43  03. 61 

40  68.08 
05.08 


5a  44 
14.11 
47.46 
00.01 

8a  82 
41.73 
41.46 

oaoi 


09.27 
11.87 
00.02 

5a  43 
19.34 
42.24 
00.01 

07.26 
04.61 
4a  14 
00.01 

ia83 
32.49 
10.69 
00.01 

14,81 
59.82 
4a  38 
00.01 

29.11 
67.34 
33.50 
00.01 

4a  39 
49.18 
27.44 
00.01 

45.25 
25.85 
4a  91 
00.01 

85.94 
61.25 
32.82 
00.01 

44  83 
09.18 
05.09 
00.00 


Meten. 
2, 74a  09 
1.435.66 
2,0ia76 


1,43a  60 
2, 649. 36 
2.842.70 


2, 549. 36 
2. 525. 02 
4,011.91 


2.525.02 
1, 350. 49 
2,319.29 


1.850.49 
2,367.02 
1, 519. 01 


1. 619. 01 
1, 765. 77 
2,721.80 


t76a77 
],96a83 
2,200.86 


1.96a  83 
2. 67a  85 
3,430.84 


2, 573. 85 
1.790.45 
2, 02a  55 


1,79a  45 
2, 356. 31 
2,171.51 


2.171.51 
1, 099. 69 
2. 010. 75 


1.099.69 
1.121.77 
1,847.50 


15.08  1.847.50 
52.13  >  1.445.05 
52. 80  2, 729. 91 
00.01 


76 


ia80 
67.84 
46.30 
00.00 

33.85 
47.02 
89.14 
00.01 

01.60 

oao6 

65.44 
00.00 


1.44a  05 
1,263.8.1 
2,082.90 


1,26X83 
1.805  88 
2,08a  78 


1,89a  88 
1,444.02 
1,635.72 


207  51  01, 31 
133  10  26.73 
57  26  4a  09 


133  10  2a  73 

226  55  17. 81 

16  40  24.74 


226  55  17. 81 

151  25  15.47 

0  22  65.02 


151  25  ia47 

265  60  24.  72 

8  26  17. 52 


265  50  24. 72 
122  89  04. 36 
834  49  00. 65 


154  40  17.46 

86  30  33. 14 

207  43  57.97 


80  30  33. 14 
194  27  47. 46 
324  43  14. 86 


194  27  47.46 
111  42  57. 58 
326  21  2a  88 


111  42  57.58 

13  52  44. 60 

254  25  Oa  76 


13  52  44. 50 

132  80  07.46 
266  07  sa  32 


86  08  29. 75 
199  19  42. 07 
296  18  ]a73 


199  10  42.07 
131  52  00.73 
345  12  44. 95 


165  12  57. 24 
96  38  87. 08 
315  40  52. 48 


96  38  87.08 
176  20  01. 84 
313  17  ia43 


176  20  01. 84 

76  87  4a  75 

293  07  37.81 


76  87  4a  75 
109  53  55. 61 
804  13  12. 00 


38  48  30.07 


00  07  40.  21 


88  40  3a  43 


00  06  82.03 


88  50  4a  33 


00  07  22.12 


38  50  6L  51 


00  oe  2a  28 


88  51  82. 01 


00  07  4a  01 


88  5120.42 


00  00  32.01 


88  52  8L 18 


00  08  4L  08 


88  63  02.06 


00  10  2a  84 


88  52  oa  68 


80  10  sa  65 


88  52  67. 31 


00UM.78 


38  53  8a  06 


00  11  sa  62 


88  53  5a  24 


00  12  ia20 


88  54  00.05 


80  13  00.85 


88  54  4L  65 


00  IB  la  21 


38  54  27.33 


00  14  20.70 


88  65  IL  80 


00 14  oa  89 
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Tabulated  retultB  of  tecondary  triangulaiion  from  CtUro  to  ZeoituA^— Continued. 


Vo. 


OlMerved 
•ngles. 


AcUnst'd 
aaglee. 


Difltanoe. 


Asimuth. 


LaUtade. 


LoDgitnde^ 


Weper.- 

HanV... 
BarwiM. 


Hall.... 
BvwiM. 
Beihl.... 


Banrtee 

Reihl 

Eagle's  Nest . 


Reihl 

Easle's  Nest . 
Scheie 


Eafde'a  Nest . 

Ecbele 

rortage 


Scheie . . 
Portage . 
Starr.... 


Portage. 
Starr.... 
Poarie  .. 


Starr... 
Ponrie  . 


95  Ponrie  .... 

96  Elsah 

97  £ast  Base . 


Elaah 

Bast  Base. 
Grafton... 


East  Base.. 
GrafUm  . . . . 
West  Bass. 


96    Grafton 

99    West  Base . . 
109    BlTermonth. 


100 
101 


100 
101 
103 


102 
101 


108 
101 
191 


West  Base 

RiTermoath . . . . 
Point  Landing  . 


RiremKnith . . . . 
Point  Landing  . 
Thompson 


Pofait  Landing . 

Thompson 

Cslhoon 


Calhonn. 
Brnge. 


86  46  56.95 

62  29  11. 24 
30  43  49. 01 

57.20 

35  00  16.85 

102  36  47  39 
42  23  03. 00 

07.24 

41  11  36. 23 
105  46  02. 28 

83  02  23.04 

01.55 

87  50  23.39 

103  11  27.69 

38  49  Oa  25 

5&33 

50  51  30.83 

73  11  21. 10 

55  57  13. 01 

04.94 

39  45  07. 65 
97  54  14. 82 

42  20  3a  04 

0L41 

85  44  45  08 
52  21  2&20 
41  53  44.83 

sail- 

48  06  02. 76 

58  48  22.80 

73  05  35.04 

00.60 

80  14  53. 09 

66  17  00. 09 
33  28  02. 76 

5&54 

27  29  05.73 

11121  34.13 

41  00  la  15 

5a  01 

82  11  4a38 

80  32  38.«3 

67  15  33.  H> 

59.81 

03  13  05. 97 

41  18  3a  26 

45  28  14.33 

5a  58 

67  19  11.20 

68  37  5L04 
44  02  5a  92 

OLIO 

75  80  15. 96 

81  65  21.75 
72  84  22.54 

00.25 

63  66  4L36 

84  59  87. 55 
81  03  30.90 

5a  81 

63  8182.71 

60  15  4&0e 

6012  43.34 

OLll 


57.84 
12.'13 
5a  04 
00.01 

14.33 
45.00 
00.69 
00.02 

85.61 
01.76 
22.65 
00.02 

22.85 
2a  26 

oaoi 

00.02 

29.13 
19.46 
11.43 
00.02 

07.00 
14.35 
38.58 
00.02 

4^82 
27.07 
46.23 
00.02 

02.90 
22.63 
34.50 
00.02 

64.81 
01.21 
04.02 
00.04 

06.27 
84.83 

laos 

00.05 

4a  00 
37.61 
34.32 
00.02 

06.27 
30.24 
14.53 
00.04 

11.22 
49.77 
60.11 
00.10 

15.48 
22.22 
22.87 
00.07 

41.85 
87.40 
40.73 
00.07 

8L48 
45.77 
42.86 
00.U 


Meten. 
1,444.02 
2, 823. 16 
2,507.82 


2.823.16 
2.402.44 
4.087.04 


2,402.44 
2,002.04 
4,240.58 


2.902.04 
2.849.52 
4^607.30 

2. 840. 52 
2.667.27 
3,202.06 


2,667.27 
2, 532. 17 
3,022.21 


2,532.17 
3,781.47 
8,002.59 


3.781.47 
2, 041. 78 
3,880.88 


2. 041. 78 
5.257.87 
4,883.04 


6,257.37 
3, 666. 92 
7,439.97 


3,686.92 
3, 060. 66 
2,03L61 


3,960.66 
'5, 647. 00 
3,667.61 


5,547.00 
7, 36L  12 
7,429.57 


7.361.12 
7,469.66 
4, 079. 65 


7,469.66 
6,703.04 
4, 33a  42 


6, 79a  04 
7,3ia41 
7,007.16 


100  58  55. 61 

82  23  20. 56 

293  05  57.63 


82  23  20. 56 
KO  45  22.  ^9 
297  22  00. 21 


159  45  22.59 
85  31  02. 66 
298  82  09.82 


85  81  02.66 

8  41  15. 43 

227  30  la  12 


8  4115.43 
115  20  44. 75 
239  31  3a  55 


115  29  44  75 
197  34  27. 63 
335  14  oa  99 


107  34  27.63 

69  66  la  54 

291  48  29. 10 


60  56  15. 64 
101  06  2a  33 
208  01  00. 53 


101  06  2a  33 

77  23  3a  33 

290  40  2a  42 


77  23  3a  83 

145  50  47. 57 
284  49  34. 76 


145  59  47. 57 
356  31  31. 32 
243  47  11. 01 


356  31  3L  32 
135  12  5a  34 
260  43  01.77 


135  12  5a  34 
23  49  oa  07 
247  50  47.62 


23  40  oa  07 
171  52  26. 20 
279  17  3a  35 


171  52  2a  29 

26  51  3a  21 

287  53  6a85 


26  51  8a  21 
146  34  80.35 
270  20  02.28 


88  54  59.25 


90  16  oa  50 


88  56  12.84 


90  16  4a  01 


88  66  04.07 


00. 18  4a  13 


88  54  3a  62 


90  18  5a  00 


38  55  la  84 


90  20  37. 93 


88  66  29.12 


90  20  oa  18 


39  55  47. 08 


90  22  3a  65 


88  57  20. 64 


00  22  la  12 


88  56  4a  88 


90  25  43.16 


38  58  22.48 


00  27  0a82 


38  56  14.28 


90  26  5a  85 


88  58  21.02 


00  29  41.17 


38  54  4a  53 


90  31  44. 55 


88  58  4a  32 


00  32  2a  42 


88  55  2a  78 


90  34  3a  83 


88  58  44.77 


00  87  2a  20 
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Na 


103 
104 
105 


104 
105 
106 


lOJS 
lOtf 
1P7 


106 
107 
108 


106 
108 
109 


108 
109 
110 


109 
110 
111 


110 
111 
112 


111 
112 
113 


112 
113 
lU 


113 
114 
115 


114 
115 
110 


115 
110 
U7 


116 
117 
118 


117 
118 
119 


117 
119 
120 


Stations. 


Calhoan... 
Droego  — 
Koel 

Droege .... 

Keel 

Cahill 

Keel! 

CahiU 

Winfleld.. 

Cahill  .... 
Winflold  .. 
WiUon.... 

tJahill 

WiUon 

Kilham  ... 

Wilson.... 
Kiiham  ... 
Peeto 

Killiam  ... 

Poets 

Knox 

Poets 

Knox 

Hamburg  . 

Knox 

Hamburg  . 
SaltjMtcr . . 

Hamburg  . 
Saltpeter.  . 
Belleview  . 

Saltpeter . . 
Bcll«viow  . 
Clarksville 

Belleview  . 
Clarksville 
Long 

Clarksville 

Long 

Salt  Kiver. 

Long 

Salt  Eiver. 
McLean . . . 

Salt  River. 
McLean . . . 
Inner  Base 

Salt  River. 
Inner  Base 
Outer  Base 


Observed 
angles. 


1.^1^1 '^'»- 


32  57  50, 07 

70  02  56. 18 

76  59  14.  r.3 

00.78 

69  22  37. 25 

58  46  31. 04 
51  50  50.  64 

58.03 

38  06  12.65 
110  23  29.  '.i\ 

31  30  18.  81 

00.79 

88  55  44. 86  ' 
44  20  45.  67  I 

46  37  29.  Ul  I 

00.10  I 

'S5  10  00. 17  i 
80  44  14. 40  I 
44  03  45.  05  i 
59.62 

109  36  25. 36  > 
37  30  52.  59 

32  52  44. 64 

02.59 

47  50  36. 15 

42  29  26.  50 
80  39  58. 85 

01.50 

79  33  48.  23 

69  20  02. 13 

31  06  10. 62 

00.98 

31  25  42. 49 

88  55  29.  94 

59  38  48.15 

00.58 

53  01  33. 22 

89  21  55.  07 
37  30  30. 56 

.      58.  bo 

41  23  36. 16 

82  13  05.  78  I 
56  23  17. 00 
59.84 

41  38  49. 53 
100  53  45.  52 

33  27  27. 06 

02. 71 

46  44  26. 79 
89  57  35. 99 

43  17  55. 19 

57.97 

46  03  22. 94 

44  24  05.  39 
89  32  28.79 

67.12 

61  16  28. 52 

30  00  55. 61 

88  42  35. 69 

59.82 

84  55  80. 33 

40  17  52. 28 

104  46  39. 16 

0L77 


50.23 
55. 10 
14.74 
00.07 


Meters. 
7.  310.  41 
4,  Ob7>.  86 
7, 038. 55 


37.  08  4,  0F5.  86 

31.87  4,802. 

51. 09  4, 443.  20 
00.04 


11.93 


4. 862. 89 


Azimuth. 


146  n4  .m  35 

36  33  40. 19 

293  33  51. 32 


36  35  40.19 
157  48  04.71 
283  56  23. 61 


157  48  04.71 


28. 49  I  5.  742.  'J8       ^'8  10  4.">.  19 
19.65     8,722.42  I  2J 


00.07 


299  38  34. 80 


44.  32  I  5. 742. 28       88  10  45. 19 

43.41  7.898  57  I  'I'l'i  41  29.74 

30. 35  5,  531.  83  I  357  06  22.  20 
00.08  I 


00.16  I  5,.'>31.83 
13.  00  ,  0,  y'Jo.  10  I 
7,845.03  I 


Latitude. 


38  56  58. 38 


38  59  24. 38 


38  59  18. 39 


I  02  23. 54 


45.97 
00.09  ! 


177  06  29.  ;y\ 
77  .'iO  36  10  I 
3U1  53  35. 12  I 


Longitude. 


90  30  04. 41 


90  40  20. 75 


90  44  19. 2a 


90  40  32.35 


6.  52.5. 16  '    77  50  36. 16 
11,3J2.93  I  220  16  50.78 

7,  319. 63  i      7  27  24.  7d 


11, 322. 93  I  2?0  16  56. 78 

82  40  35.43 

332  25  53.40 


23.72 
52. 37 
44. 02 
00.11 


34  93 

20. 63  i  8,  303.  93 

58.61  I  7,648.4* 

00. 17  I 

48.07  I  8,  .393.  93 
01.86  13,980.34 
10.39  15,203.58 
00. 32  j 

40. 65  'l5, 9P0. 34 
30.19  9,0.- 0.13 
49.55  18,515.46 
00.39  I 

3-2.  .50  1  9,  6-a  13 
56.55    12.640.96 

31.26  I15,8J1.88 
00.31  I 

37.72  !l2,640.n6 
(4.66  il0,0:{0.G3 
17.94  '15,138.92 
00.32 

47.84  ,10,036.63 
45.19  .ll.9ll.65t 

27.27  .16,089.65 
00. 30 


39  01  38.00 


39  06  la  90 


82  49  35. 43 

103  25  54.99 
342  21  22.36 


193  25  .54.  99 
102  23  02.  94 
341  57  43.  64 


39  05  44. 76 


39  14  08. 76 


39  15  15. 73 


102  23  02.  94 
192  50  57.  54 
335  21  41. 24   39  21  65. 20 


102  50  57.  54 

9-.  11  17.16  1 

331  30  10.  -J2  '  39  22  24. 42 


95  11  17.16  I 
174  13  07.09 
318  45  07.  8ti   39  28  49. 67 


25.51  11.941.68  174  13  07.09 

30.50  112.680.93  84  10  14.69 

55. 31  17, 412.  73  i  307  22  34. 49 
00.38 


25.58 
03.28 
29.35 
00.21 

28.32 
56.03 
33.74 
00.09 

29.02 
62.54 
38.46 

oao2 


I 


12,680.93 
9, 130.  96 
8,872,89 


9, 130. 06 

8.  009. 27 
4,568.79 


4,568.79 
2, 705. 10 
3.056.00 


84  10  14.60 
308  28  44. 40 
218  04  23. 65 


39  28  07. 58 


39  25  03.24 


.'^08  28  44.  46 
1.58  .32  50.  33 
67  14  Oa  18 


247  12  16. 14 
26  56  15. 64 
102  09  04.63 


39  39  04. 94 


39  27  46.74 


90  44  57. 54 


90  39  52.86 


90  45  39. 42 


00  43  04.64 


90  49  37. 99 


90  47  39. 66 


90  54  37. 25 


91  04  15.  S 


00  59  36.62 


91  01  19.09 


0102  10.86 
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Koi 


U8 
U9 
121 


117 
118 
122 


117 
122 
123 


122 

1.3 
124 


123 
124 
125 


124 

125 
126 


SUtlons. 


McLean.... 
Inner  Baae . 
LooiaiaiiA  .. 


Sftit  River. 
McLesn... 
Kockport.. 


5*alt  RWer. . 
Sockport  .. 
Bed  Honse  . 


Rocknort. .  - 
Red  HoQse . 
Gard 


RedHooBe. 

Gard 

See  Horn  .. 


Gard 

See  Horn. 
Hannibal. 


125  See  Horn. 
lt*6  Hannibal . 
127  I  Heather.. 


126  Haonibal 

127  Heather 

128  Marble  Head. 


127  Heather 

128  I  Marble  Head 
12»    Nelson 


127 
129 
130 


Heather . 
NclaoQ  . . 
Qnincy.. 


lt»    Kelson.... 

130  ^  Qaincy.-.. 

131  I  Lagiange.. 


130  Qaincy 

131  ,  Lagraoee  .. 

132  Lima  L4ke . 


Observed     Aajtirt'd  jjj  ^^ 
angles.         angles.    ■^"»**"*^' 


131  I  Lacrrao^ 

13-1  I  Lima  Lake 

133    Canton  Unirenity . 


132  t  Lima  Lake . 

133  - 
134 


132 
134 
135 


134 
135 


Canton  University  , 
Cougill 


Lima  Lake . 

Conffill 

Gillbam 


138   Tellow Bank*. 


80  49  13. 08 

62  14  05.  84 

86  56  38.44 

67.36 

100  00  02. 03 

41  60  66. 30 

38  09  05. 13 

04.42 

87  05  14.  OC 
8:^  16  03. 87 

29  38  42. 67 

00.54 

32  05  49.  55 

60  46  43.  33 

07  07  27.  35 

00.23 

75  11  46.20 

72  25  V2  71 
82  22  52. 17 

01.08 

30  07  33.44 
78  34  44.  38 

71  17  45. 14 

0:2.06 

70  10  3&  64 

73  12  3a  24 

36  36  42. 73 

60.61 

27  85  52. 47 

90  43  16.73 

66  40  53. 14 

02.34 

72  25  15. 78 

63  42  10. 74 
43  62  31. 4b 

68.00 

37  23  08. 22 
105  13  17. 54 

37  24  32. 91 

58.67 

43  32  53.  63 

103  41  27. 95 

32  45  38. 81 

00.39 

32  14  29. 35 

119  49  05.49 

27  56  26.  82 

01.66 

43  41  43. 43 

38  09  05.  75 
98  09  07. 43 

56.61 

37  48  27. 02 

60  11  28.45 

82  00  U3.  52 

58.99 

69  34  55. 57 
74  44  01. 09 
35  41  02. 13 


22  27  56.66 

127  07  31. 52 

RO  24  3C.  52 

68.70 


I 


13.98 
0a74 
39.  35 

oao7 

G1.90 
55.41 
02.02 
00.23 


MrUrt. 
8,0(9.27 
4, 109. 40 
7,  097. 23 


9, 130. 96 
14, 556. 82 
9,861.65 


13. 73  9, 861. 65 
04. 61  18  364. 53 
42. 08  ,19, 800. 18 
00.42 


50.16 
42.63 
27.60 
00.39 


18,364  53 
9, 834.  05 
14, 337. 82 


45. 78  9, 834.  05 
22.62  117,753.07 
52.02  17.605.28 
00.42 


82.32 
43.79 
44.31 
00.42 


38. 24 
43.  22 
00  34 


17,  7.53. 07 
9, 407.  05 
18. 37L  82 


9.407.05 
14. 838  64 
15, 100. 88 


61.68   14,838.64 


15.02 
52.71 
00.31 


B,  323. 07 
17, 842  85 


16. 3(  8.323.07 
11.48  11.447.78 
32.44  il0,765.80 
00.  22 

08.07  110,765.80 
17.80  1 10. 755.  90 
3:i.72    17,(99.61 

00.28  I 

6.3.85  '10,755.90 
28.11  13.604.27 
38.90  19,311.85 
00.36  I 

28.90  13.694.27 
03.96  15.591.80 
27.55  25,;?57.01 

«,.«! 

43.  89   15, 591.  80  207  59  40.  38 

07. 69   ro,  881. 18  I    60  12  07.  33 

oa  69  I  9, 730. 18  344  16  44. 87 

0C.27  I  I 


Azimntb. 


158  32  60. 33 
40  45  39.  IS 
307  41  07. 19 


308  28  44. 46 
170  22  49.71 
28  30  47. 88 


208  28  42. 59 
111  46  62.49 
321  17  69. 16 


111  46  52.49 
240  52  34. 45 
323  48  56. 68 


240  52  34. 45 
133  21  46.  00 
345  38  52. 62 


133  21  46. 90 
31  50  44. 29 
283  06  16. 48 


31  50  44. 29 
138  35  52.  93 
281  54  46. 04 


138  35  52.93 
221  48  13. 34 
346  09  50. 06 


221  48  13. 34 
105  32  54.  25 
329  20  29. 26 


149  22  57.  04 

224  07  11.37 

6  45  59. 99 


224  07  11.37 
147  52  01.  82 
00  34  23.  24 


Latitude. 


147  52  01. 82 

207  69  40. 38 

00  06  32. 09 


26.92  10,881.18 

28. 76  0,  735. 80 

C4. 48  '  9,  534. 25 

00.16  I 

54.98  9,534.25 
02.27  'i:»,3l7.97 
03.11  .15,768.14 
00.36  I 

66.80  '15.317. 97 
32.30  11.564.38 
31.20  |24.129,02 
00.36  I 


66  12  07. 33 
185  56  07. 42 
283  56  21. 93 


104  00  34. 25 
209  12  19. 66 
353  34  41.  08 


209  12  19. 66 

156  23  16.49 

6  46  40.64 


89  27  23. 99 


39  32  48.61 


39  36  28.96 


89  39  03.99 


Longitude. 


91  03  11.31 


91  00  58.40 


91  12  63.24 


91  06  62. 91 


39  46  3&  88 


39  41  19.73 


39  47  20.42 


39  60  41. 62 


39  52  20. 76 


39  66  31. 00 


40  02  46. 88 


40  10  13. 14 


40  07  50. 67 


40  11  27.78 


40  18  41. 16 


40  24  24. 65 


91  16  65.  IB 


91  19  23.43 


91  26  16. 86 


91  22  22.50 


01  30  06. 68 


91  24  51. 18 


91  29  5&45 


91  24  49. 16 


91  31  49.67 


91  31  20. 22 


91  26  03. 69 


01  29  20. 13 
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No. 


135 
136 
137 


136 
137 
138 


136 
138 
139 


138 

130 
140 


138, 
140 
141 


188 
141 
142 


141 
142 
143 


142 
143 
144 


143 
144 
145 


144 
145 
146 


StaUona. 


Gfllham 

Yellow  Banks 
Fox  River 

Yellow  Banks 
Fox  Itiver.... 
Warsaw 

Yellow  Banks 

Warsaw 

Boardman.... 

Warsaw 

Boardmsn 

Hughes  ...... 

Warsaw 

Hughes 

Worstcr 

Warsaw 

Worater 

Keoknk...... 

Worster 

Eeokak 

Hamiltun 

Keoknk 

Hamilton 

Bapids 

Hamilton 

Kapids 

Lower  Base . . 

Bapids 

Lower  Base  . . 
Upper  Base  . . 


Observed 
angles. 


A4Jnst'd 
angles. 


44  10  41.70 

82  03  42. 00 
63  45  32. 14 

66.83 

107  55  13. 27 

28  00  47. 27 

43  54.66.47 

67.01 

46  52  40.38 

37  44  11. 48 

05  23  06. 24 

58.10 

35  52  16. 26 
77  22  15. 74 

66  45  27. 24 

59.24 

50  12  55. 20 

67  46  52. 56 
62  00  11.21 

58.07 

83  03  85. 00 
85  24  20. 38 
61  32. 02. 3> 

57.60 

32  37  00. 55 

48  13  31.78 

00  00  18. 51 

50.84 

66  28  23. 54 

55  39  85. 20 

57  51  58. 61 

57.85 

88  21  62. 60 

80  15  0&  22 

52  22  60. 12 

01.03 

85  85  17.56 
08  42  43. 06 

45  41  54. 08 

55.60 


Distance. 


42.72 
44.26 
83.31 
*00.29 

14.17 
48.10 
57.80 
00.16 

40.85 
12.37 
06.83 
00.05 

16.71 
15.86 
27.47 
00.04 

56.15 
51.80 
12.11 
00.06 

85.00 
21.60 
03.27 
00.05 

00.56 
31.73 
ia72 
00.01 

24.25 
86.28 
59.48 
00.01 

52.10 
08.10 
59.81 
00.01 

18.95 
44.36 
56.69 
00.00 


Ifefert. 
11, 564. 38 

0.002.28 
14,200.88 

0.002.28 
13,707.80 
6,700.60 


6,700.60 

4. 085. 03 

4. 180. 04 


4.085.03 
3, 170. 06 
5, 204. 08 


6,294.08 
4, 607. 46 
6,550.52 


6,650.52 
3.444.20 
6,283.56 


3.444.20 
1. 880. 62 
2, 601. 80 


1.880.62 
2.036.22 
1,833.75 


2, 036. 22 
1. 595. 48 
2,670.40 


Azimuth. 


156  23  ia40 

58  24  53.54 

202  06  83. 18 


58  24  63.54 
266  80  48. 01 
180  32  0L37 


310  20  30. 17 
108  16  13. 74 
83  38  52.72 


168  16  13. 74 

270  53  8C.  04 

24  00  20.06 


204  08  80.45 

316  22  38. 16 

74  23  63.38 


254  21  26.60 
159  48  15. 07 
41  10  45.66 


150  48  15. 07 

291  34  10. 66 

12  25  40. 01 


291  34  10. 66 
167  14  85. 01 
45  06  22. 18 


167  14  85. 01 

70  29  30.75 

808  5147.89 


1, 595. 48  76  29  30. 75 
1, 297. 38  1  157  46  03. 70 
2,203.60  I  292  03  63.52 


Latitude. 


40  2134.82 


40  22  01.44 


40  24  30.68 


40  24  38.06 


40  22  40.00 


40  24  84.70 


40  24  12.28 


40  25  16. 66 


40  25  04.58 


40  25  43^61 


Longitude. 


91  85  20187 


01  25  40.M 


01  26  23.05 


01  24  00.13 


0121  64.38 


01  22  44.81 


91  21  8a64 


01  2140.71 


01  22  65.  £ 


0123  16.34 


APPENDIX   C. 


REPORTS  OF  ASSISTANT  ENGINEERS  J.  A.  PAIGE,  J.  B.  JOHNSON,  AND  L.  L.  WHEELER 
UPON  THE  FIELD-WORK  AND  REDUCTION  OF  PRECISE  LEVELS  BETWEEN  CARROLL- 
TON,  LA.,  AND  BILOXI,  MISS.,  AND  BETWEEN  CAIRO,  ILL.,  AND  FULTON,  ILL.,  EXE- 
CUTED UNDER  THJfi  ORDERS  OF  THE  MISSISSIPPI  RIVER  COMMISSION,  J.880-*81-'82. 

1.  Report  ofAshiatant  Engineer  J,  A,  Paige  upon  the  feld^icork  of  1880-'81,  Grafton  to  Cairo. 

Office  Mississippi  River  Commission, 

ikiint  Louis f  Mo,,  September  21,  1883. 

Sir  :  I  have  the  honor  to  make  the  following  report  of  field  operations  on  precise 
levels  on  the  Mississippi  River,  between  the  mouth  of  the  Illinois  River  and  Cairo, 
from  August  10,  lfc80,  to  March  16,  1881. 

The  organization  of  the  i^arty  was  as  follows:  James  A.  Paige,  assistant  engineer, 
in  charge ;  O.  W.  Ferguson,  assistant  engineer ;  £.  H.  Saukee,  recorder;  H.  P.  Bourne^ 
recorder;  four  rodmeu,  one  cook,  and  eiglit  axmen. 

On  October  23,  Mr.  Sanki'e,  by  your  orders,  was  transferred  another  party,  and 
Mr.  P.  P.  Sauborne  reported  for  duty  on  the  same  day. 

Your  verbal  instructions  previous  to  my  taking  the  field,  were:  To  qnarter  the 
party  on  the  quarter-boat  Louisiana,  obtain  the  necessary  instruments  from  the 
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o£Bce,  purchase  subeistence  stores,  and  bave  the  onfit  towed  to  Grafton ;  establish  a 
bench*uiark  on  the  right  bank  of  the  Illinois  River  near  its  month,  which  should  be 
the  beginning  of  the  line;  transfer  the  levels  across  the  Illinois  River;  carry  the  work 
(which  would  consist  of  two  independent  lines  of  levels)  down  the  left  bank  of  the 
Mississippi  River  to  the  month  of  the  Missouri :  cross  here  to  the  rieht  bank  of  the 
Mississippi  River,  in  order  that  permanent  bencn-marks  might  be  well  established  in 
the  edge  of  the  bluffs,  which  form  the  right  bank  mainly  from  Saint  Louis  to  Com- 
merce ;  and  ultimately  connect  with  the  bench-marks  in  Cairo  established  by  Gen- 
eral Comstock's  parties  in  1876. 

On  August  10,  the  quarter-boat  was  furnished  and,  by  the  steamer  Little  Eagle  No. 
3,  waa  towed  to  Grafton.    The  lirst  field-work  consisted  of  determining  the  constants 
of  Kern  levels  Nos.  1  and  2,  and  the  level  vials  belonging  to  them.    Kern  level  No.  1 
was  nsed  by  O.  W.  Ferguson  with  level  vial  No.  7  till  October  7,  when  it  was  broken ; 
after  that  date  level  vial  No.  3  was  nsed.    Kern  level  No.  2  was  used  by  James  A. 
Paiffe  with  level  vial  No.  2  throughout  the  season.    Redeterminations  of  the  value 
of  the  constants  were  made  as  follows : 
Wire  intervals  of  both  levels  at  Neeley's  Landing  and  at  Cairo. 
Relative  size  of  rings  of  level  No.  2  at  Neeley's  Landing  and  at  White  Sand  Depot 
Landing. 
Yalne  of  one  division  of  level  vial  No.  2  at  "Neeley's  Landing  and  Cairo. 
Value  of  one  division  of  level  vial  No.  3  was  determined  at  Illinois  station,  where 
it  was  first  used,  and  again  at  Neeley's  Landing  and  at  Cairo. 

In  reduction  of  the  field-notes  the  value  of  these  constants  found  at  any  time  was 
used  until  a  new  determination  was  made ;  after  that  tune  the  last  value  found  was 
used. 

The  weather  for  the  first  three  months  of  the  field  season  was  very  favorable  to  the 
work.  On  the  15th  of  November  cold  weather  set  in«  and  from  that  date  till  February 
22  there  were  only  2&|  days  for  both  parties  of  field-work  done.  While  at  Neeley^ 
Landing  December  18,  the  ice  began  running  so  badly  that  the  ouarter-boat  could  be 
moved  no  farther.  This  hinder^  the  work  very  much.  Finally  the  river  was  en- 
tirely frozen  over,  and  remained  so  till  February  3,  when  a  cake  of  ice  extending  en- 
tirely across  the  river  struck  the  quarter  boat  and  sunk  her.  With  the  aid  of  a  der- 
rick and  some  other  appliances  obtained  at  Grand  Tower  the  boat  was  raised  and 
repaired,  and  on  February  22  moved  to  Commerce,  Mo.,  to  which  point  Assistant 
Fer^son  had  carried  the  levels. 

The  work  was  completed  to  Cairo  on  March  14,  the  quarter-boat  towed  to  Mound 
City  and  turned  over  to  watchman  Schoenfeld,  and  with  Mr.  Ferguson  I  reported  to 
yon  for  further  duty  at  Saint  Louis. 

The  general  conditions  regarding  the  work  during  the  latter  part  of  the  season  were 
unfavorable.  Low  water  prevailed  nearly  the  entire  seasou.  To  move  the  quarter- 
boat  by  drifting  with  the  current  very  often  resulted  in  being  hung  up  on  a  rock  or 
blown  on  a  sana  bar..  The  boat  lay  at  Neeley's  Landing  nine  weeks.  Part  of  the  force 
remained  to  look  after  the  boat,  while  Assistant  Ferguson  continued  the  work  below 
whenever  the  weather  would  permit,  subsisting  at  farm  houses. 

During  this  time  and  for  some  time  previous  the  ground  was  frozen,  and,  as  has 
been  found  previously,  when  running  over  such  a  surface,  it  is  impossible  to  keep  the 
level  stationary.  Also,  part  of  the  lino  was  through  wheat  fields  and  swampy  woods. 
About  U2  per  cent,  of  the  whole  distance  was  leveled  more  than  twice,  and  one  per 
cent,  was  leveled  more  than  three  times. 

The  whole  number  of  days  and  parts  of  days  spent  in  field-work  equals  220  days  for 
one  party.  The  whole  number  ot  kilometers  leveled  equals  797.5.  Average  rate  per 
working  day  equals  3.6  kilometers. 

There  were  b6  permanent  bench-marks  established.  Eleven  of  these  were  of  the 
usual  pattern — stone  posts  in  ground  with  copper  bolt  in  top.  The  remainder,  with 
one  exception,  were  copper  bolts  one  centimeter  in  diameter  and  7  centimeters  long, 
Ijeaded  in  brick  or  stone  foundations,  or  in  the  natural  rock  wall.  Those  of  the  latter 
locality,  if  not  interfered  with,  are  as  permanent  as  anything  of  this  nature  can  be 
established.  Where  the  copper  bolts  were  set  horizontally  a  small  hole  in  the  end  of 
the  bolt  marks  the  point  of^  reference.  Temporary  bench-marks  were  set  about  once 
in  every  kilomeier. 

While  in  the  field,  a  descriptive  list  of  bench-marks  was  received,  established  in 
1879,  by  surveys  made  under  direction  of  Colonel  Simpson,  Corps  of  Engineers,  be- 
tween Carondelet  and  Kaskaskia,  with  directions  that  they  be  connected  with.  Thirty- 
three  of  these  sixty-four  bench-marks  were  found  and  connected  with.  They  are  des- 
ignated in  the  field-notes  and  ofiBce  computations  as  '*  B.  M. — Holman." 

There  were  six  water-gauges  connected  with  the  levels,  viz :  at  Grafton,  Saint  Louis, 

Rush  Tower,  Grand  Eddy,  Graj's  Point,  and  Cairo.    At  all  of  these  gauges  except 

the  Gray's  Point  gauge,  there  was  a  permanent  bench-mark  left  in  tne  immediate 

▼icinity. 

The  methods  used  in  field-work  were,  with  a  few  exoeptionsy  the  same  as  have  been 
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n8od  heretofore,  and  need  not  be  further  described,  any  changes  made  being  incidental 
to  the  locality,  state  of  the  weather,  <^c. 

There  were  4  river  crossings  made  by  reciprocal  leveling — one  at  the  beginning  of 
the  work  across  the  Illiuois  River,  one  at  the  mouth  of  the  Missouri,  one  at  Chester, 
and  one  at  Commerce.  When  these  crossings  were  made,  a  copy  of  the  field-notes 
and  computations  was  forwarded  to  3^ou.  . 

Very  respectfully,  your  obedient  servant, 

James  A.  Patgk, 
Astiatant  JSngineer, 

First  Lieut.  Smith  S.  Leach, 

Sdcrttary  AUsaiattippi  River  CommMnofi. 


2.  Reports  of  J,  B.  Johiuon  upon  the  field-trork  of  188a-'83,  CarrollUm  to  Bilo:^  and 

Grajton  to  Chicago. 

a.— CARROLLTON  TO  BILOXI. 

New  Orleans,  La.,  June  26,  1882. 

Sir:  I  have  the  honor  to  report  npon  the  field-work  of  the  precise  level  party  un- 
der my  charge,  in  conuectiiig  the  Uuited  St.ates  bench-marks  at  Carrollton,  La.,  with 
the  tide-gauge  at  fiiloxi,  Miss. 

The  party  consisted  of  J.  B.  Johnson,  assistant  engineer  in  charge;  O.  W.  Fergjn- 
80n,  assistant  engineer;  A.  Ramel,  recorder;  A.  E.  Kastl,  recorder,  together  with  lour 
rodmen  and  five  laborers. 

I  left  Saint  Louis  May  3,  reaching  New  Orleans  on  the  5th.  A  reconnaissance  was 
made  on  that  day,  and  a  line  agreed  upi  n  for  reaching  the  Mobile  and  New  Orleans 
railroad  by  running  back  of  the  city.  Ou  the  Gth  iustrnmental  constauts  were  ob- 
served, and  on  Monday,  May  H,  the  regular  work  coruitienced. 

Ou  the  9th  I  left  the  party  for  five  days,  under  orders  to  visit  the  observation  party 
at  Red  Kiver  Landing.  Recorder  Riimel  observed  with  my  instrument  while  I  was  on 
this  trip,  as  well  as  on  all  other  occasions  when  it  was  necessary  lor  me  to  be  absent 
from  the  work.  The  work  was  completed  ar  Bilozi  tide-gauge  June  23.  Iustrn- 
mental constants  were  observed  on  the  24th,  and  (be  party  returned  to  New  Orleans 
on  the  26th.  A  connection  was  then  made  with  the  New  Orleans  City  datum,  which 
could  not  be  found  when  the  work  was  in  that  vicinity. 

The  party  was  disbanded  June  27.  Mr.  Ferjinson  taking  part  of  the  outfit  to  Co- 
lumbus, Ky.,  and  the  remainder  shippeil  to  Saint  Louis  by  Anchor  Line  steamers. 

DESCRIPTION  OP  THE  LINE. 

The  total  length  of  the  line  from  Carrollton  to  the  Biloxi  gauge  is  139  kilometers  = 
87  miles.  Of  this,  18  kilometers  was  ou  wagon  roads,  50  kilometers  cm  railroad  through 
swamp,  7  kilometers  on  railroad  bridges  and  trestles,  64  kilometers  on  railroad  over 
dry  sandy  land. 

The  characteristics  of  the  swamp  region  were  learned  from  the  road  master.  He 
says  there  is  a  solid  sand  bottom  from  2  %o  15  feet  below  the  surface  throughout  the 
whole  distance.  A  vegetable  growth  and  mold  has  formed  on  the  Kurfuce,  which  ex- 
tends some  2  or  3  feet  down.  If  the  sand  substratuiu  is  deeper  than  this,  he  inter- 
mediate region  is  filled  with  a  soft  liquiil  mass  which  otters  no  resistance  whatever. 
The  road-bed  was  first  made  by  dred;^ing  a  canal  alongside  the  line,  and  depositing 
the  mud  ou  the  line.  Sand  was  then  brought  in  hc4»ws.  on  this  side  canal  and  put  on 
top  of  the  nind  road-bed,  un  il  it  was  stable  enough  tt)  lay  a  track. 

For  several  years  after  the  track  was  laid  the  road-bed  rapidly  settled  away  in 

§  laces  and  more  sand  was  constantly  hauled  to  raise  it  again.  Lines  of  piles  were 
riven  in  many  places  between  the  track  and  the  side  canal,  to  prevent  the  road-bed 
from  flowing  back  into  the  canal.  .  These  piles  are  all  driveu  into  the  solid  sand  bot- 
tom, however,  and  are  very  firm.  The  road  bed  now  setMPs  to  be  quite  stable,  and  I 
think  the  till  has  sunk  <lown  to  the  Kohd  snbstratmn  and  there  will  be  little  more 
settling  away.  All  the  piling  under  the  bridges  and  trestlesare  driven  in  sand.  Our 
lines  checked  quite  as  well  through  the  swamp  ret^iou  as  on  the  mdid  ground.  The 
road-bed  for  the  entire  distance,  is  composed  of  sand,  which  makes  an  excellent  basis 
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lor  foot  plates  and  instnimeDts  as  it  is  non-elastic.    The  7  kilometers  on  bridges  and 
tnrstles  were  distribated  as  follows : 

Meters. 

ChefMentenr-Bridge 560 

Rigolets  Bridge 1,100 

Pearl  River  Bridge 620 

Bay  Saiot  Loais  trestle 3,700 

BiioxiBay  to  gauge  trestle 1,120 

Total  kilometers 7.000 

The  bridges  were  double  qnadrangnlar  iron  tmss  bridges  of  100  feet  span,  resting 
on  piers  n  ade  up  of  sixteen  piles  each.  These  piles  were  well  capped  and  held  at 
top,  and  also  by  diagonal  tie-iron  rods,  reaching  from  top  to  bottom  of  piers.  The 
trestle-work  rested  on  piers  every  fifteen  feet,  of  six  piles  each.  The  water  was  not 
over  20  feet  deep  on  any  of  these  crossiDgs,  except  that  of  the  Rigolets,  which  was  as 
much  as  48. 

The  Chef  Mentenr,  Rigolets,  and  Pearl  River  are  outlets  from  Lake  Pontchartrain 
into  Lake  Borgne,  aud  are  subject  to  stroug  cnrrents  as  the  tide  ebbs  and  flows,  or 
the  wind  drives  the  water  in  or  out.  All  these  bridges  and  trestles  were  found  very 
solid,  and  famished  a  good  basis  for  the  instmmentci  when  there  was  little  wind  and 
current,  otherwise  work  could  not  be  done  on  them.  These  were  all  crossed  four 
times  under  favorable  circumstances,  except  Pearl  River  bridge,  which  was  crossed 
but  three  times.    All  these  lines  agreed  as  closely  as  on  any  other  part  of  the  work. 

METHODS  OF  WORK. 

The  methods  employed  were,  in  the  main,  the  same  as  those  heretofore  used  with 
the  Kern  instruments  and  rods.  The  two  lines  were  always  run  in  opposite  direc- 
tions, Mr.  Ferguson  always  running  west,  and  I  always  running  east. 

In  one  particnlar  the  methods  of  making  the  observations  have  differed  from  those 
previously  nsed,  and  that  is  the  bubbh  was  always  kept  in  ike  middle  of  the  tube  when 
taking  a  rtading 

This  method  was  not  adopted  arbitrarily  or  rashly.  In  my  first  season's  work  I 
found  that  my  bubble  changed  its  value  from  2.6  to  3.5  seconds,  accotding  to  tempera- 
tore.  I  therefore  kept  my  bubble  correctionn  very  small  so  as  not  to  introduce  any 
large  uncertainty  from  that  source.  In  the  first  half  of  last  season  I  followed  the 
same  nlan,  and  with  many  readings  would  have  no  bubble  correction  at  all.  In  the 
latter  half  of  that  season's  work  1  kept  the  bubble  exactlv  in  the  middle  for  almost  all 
readings,  and  fonnd  it  could  be  done  as  well  as  not.  This,  of  courbe,  presumes  that 
the  observer  reads  his  own  bubble,  a  thing  which  I  have  always  done.  Last  season 
Ur.  Ferguson  had  his  recorder  read  his  bubble  aud  so  could  not  pursue  this  method. 
A  discussion  of  these  two  systems  is  important. 

(I.)  Having  the  recorder  read  the  bubble  has  some  advantages,  provided  the  hubblewill 
stand.    He  then  can  wait  till  it  settles,  inform  the  observer  of  the  fact,  and  he  can 
read  the  bubble  in  its  true  position  while  the  observer  reads  the  rod. 
The  objections  to  this  are : 

(a.)  It  is  desirable  to  have  as  few  men  about  the  instrument  as  possible.  If  the 
recorder  reads  the  bubble  there  are  three  men,  observer,  recorder,  and  umbrella  man, 
standing  directly  beside  the  instrument. 

(6.)  I  find  that  my  bubble  will  seldom  stand  long  enough  for  me  to  read  the  three 
wires;  a  single  bubble  reading  is,  in  this  case,  certainly  erroneous. 

(11.)  The  advantages  of  the  other  system  are,  that  it  enables  the  observer  to  make 
the  complete  observation,  and  also  to  get  all  three  wire  readings  with  the  bubble  in 
one  position. 

To  have  one  man  read  the  bubble  and  another  to  take  the  shot  is  like  having  one 
to  sight  a  gun  and  anc  ther  to  pall  the  trigger,  a  very  good  plan  with  a  fixed  gun, 
bnt  a  very  poor  plan  when  the  gun  is  somewhat  unsteady  and  controlled  by  the  man 
who  pulls  the  trigger.  When  the  bubble  is  almost  constantly  in  motion,  the  same 
man  must  see  both  bubble  and  wires,  and  at  the  same  time,  and  keep  them  both  in 
view,  in  order  that  he  may  know  when  the  bubble  is  registering  correctly.  By  hold- 
ing the  head  to  one  side  the  observer  can  keep  his  left  eye  on  the  bubble  and  his  right 
eye  on  the  rod,  and  see  the  bubble  super-imposed  on  the  rod ;  or,  if  he  finds  it  diffi- 
enlt  to  read  with  both  eyes  at  once,  he  can  see  bubble  and  rod  alternately  without 
moving  his  head  and  only  by  opening  and  closing  his  left  eye.  Now  with  his  hand 
St  the  elevating  screw,  under  the  eye  end  wye,  he  brings  the  bubble  to  the  center  and 
keeps  it  there,  stopping  to  look  at  the  bubble  for  each  wire  reading. 

After  having  read  one  wire,  if  the  bubble  has  run,  bring  it  back,  read  the  next 
wire,  4gain  examine  the  bubble,  bring  it  to  the  center  again,  and  read  the  third  wire. 


2458      REPOKT   OF   THE   CHIEF   OF  ENGINEERS,  U.  8.  ARMY. 

Let  him  do  the  same  also  for  the  second  eet  of  readings  (for  the  wires  shonld  all  be 
read  twice),  and  then,  having  kept  the  bubble  in  the  name  place,  he  can  confidently 
assert  the  reliability  of  his  work.  With  100-metcr  shots,  if  the  bubble  is  read  one- 
half  division  wrong,  an  error  of  0™™.6  has  been  made. 

The  bubble  often  8eem«  to  have  stopped  moving  when  one-half  to  three-quarters 
division  from  its  true  point  of  equilibrium,  and  therefore  the  second  set  of  wire  read* 
ings  will  often  differ  from  the  first. 

It  may  be  said  it  requires  too  much  time  to  bring  the  bubble  exactly  in  the  middle, 
but  I  think  it  requires  no  more  time  tban  to  bring  it  to  any  other  point,  for  it  must 
be  watched  and  kept  to  one  reading  anyway,  if  good  work  is  to  be  done,  and  it  might 
as  well  be  kept  in  the  middle  as  any  wbere  else. 

I  have  run  1^  miles  per  hour  by  this  method  of  work,  on  100-meter  shots,  and  I  do 
not  find  it  at  all  difScult  to  make  ten  settings  an  hour  of  80-meter  shots,  making  a 
mile  an  hour  on  80-meter  shots.    This  got  to  be  about  our  normal  gait. 

Another  objection  that  is  made  to  the  observer's  reading  his  own  hnbble,  is  that 
he  cannot  read  it  correctly,  there  being  a  paralUx  of  about  one-half  division  at  each 
end,  caused  by  the  light  passing  obliquely  from  the  bubble  to  the  mirror,  in  order  to 
reach  the  eye. 

The  instructions  say  that  the  eye  must  bo  held  in  such  a  position  that  there  will  be 
no  parallax.  This  cannot  be  done.  The  objection,  however,  has  little  force,  provided 
the  back  and  fore  sights  are  kept  equal.  The  error  being  always  constant  and  effect- 
ing back  and  fore  sights  alike,  their  difference  is  not  changed,  and  if  the  back  and 
fore  sights  are  very  unequal,  this  one-half  division  error  in  bubble  reading  can  be  ap- 
plied, together  with  the  corrections  for  collimation,  inclination,  and  pivots.  In  fact, 
it  and  the  pivot  error  being  sensibly  constant,  may  be  combined,  and  their  resultant 
used  in  connection  with  collimation  and  inclination  errors.  For  these  reasons  I  de- 
termined on  having  no  bubble  corrections  in  my  work  for  this  season,  and  Mr.  Fergu- 
son, with  some  reluctance,  adopted  the  same  method.  I  think  our  extraordinary  close 
agreements  amply  Justifies  the  scheme. 

I  believe  that,  when  the  conditions  are  favorable,  this  matter  of  the  bubble  read- 
ings is  the  chief  source  of  error.  If  the  saving  of  time  in  the  computations  may  be 
allowed  as  an  argument,  this  method  has  a  great  advantage  over  the  old  one. 

Onr  field  work  has  all  been  reduced  in  two  note-books,  instead  of  on  the  computa- 
tion sheets,  with  a  saving  of  three-quarters  of  the  time  it  formerly  required  for  this 
work.  This  certainly  reduces  the  cost  of  the  field  work,  for  that  now  never  has  to  be 
stopped  to  work  up  notes.  I  therefore  conclude  that  the  method  is  more  accurate, 
less  laborious,  and  cheaper  than  that  formerly  used.  The  value  of  the  bubble  also, 
and  the  changes  in  the  same,  become  of  no  consequence,  neither  is  an  accurate  valne 
of  the  wire  interval  of  much  account,  except  as  getting  the  distance  run. 

In  all  other  respects  the  methods  employe(i  have  been  the  same  as  those  used  before. 
The  permanent  bench-mark  stones  have  generally  b^en  sot  on  side  lines,  so  that  any 
settling  that  may  have  occurred  in  them  has  not  affected  the  accuracy  of  the  line. 

Twenty-two  permanent  bench-marks  have  been  set,  twelve  of  which  are  stones  set 
in  the  ground,  east  of  Pearl  River,  and  the  rest  are  copx>er  bolts  leaded  into  draw- 
piers,  abutments,  brick  buildings,  &c.  Superintendent  J.  T.  Harahan  very  kindly 
gave  us  the  use  of  a  hand-car, 'which  was  of  great  service  and  materially  facilitated 
the  work.  No  other  favors  were  asked  or  received  from  the  railroad  company,  and 
in  return  for  this  one,  I  have  prepared  a  list  of  our  permanent  bench-marks  wiih  their 
elevations,  and  also  the  elevations  of  the  road-bed  at  every  station,  which  will  amply 
repay  them  for  the  use  of  the  car. 

Most  of  the  work  has  been  done  from  6  to  8  a.  m.  and  from  4  to  7  p.  m.  There  have 
been  very  few  days  when  work  could  be  done  between  8  a.  m.  and  4  p.  m. 

The  party  were  quartered  at  but  six  places  between  New  Orleans  and  Biloxi,  a  dis^ 
tance  of  80  miles,  three  of  these  being  club-houses  for  New  Orleans  hunters  and  fish- 
ermen. 

RESULTS. 

The  length  of  line  was  139  kilometers  (87  miles).  This  was  run  in  forty-seven 
days.  May  8  to  June  23,  inclusive.  Seven  kilometers  of  this  distance  (4.4  miles)  was 
required  to  be  run  four  times.  This  gives  91.4  miles  of  duplicate  line  completed  in 
forty-seven  days,  1.9  miles  per  day.  The  full  party  was  under  pay  fifty-one  days. 
Field-work  was  done  on  thirty-six  days,  making  an  average  of  2.6  miles  per  dav  for 
every  day  on  which  work  was  <Ione.  Of  the  remaining  fifteen  days  nin'e  were  Sundays, 
four  were  rainy,  one  was  windy,  with  the  tents  inaccessible,  and  one  day  was  spent  in 
connecting  with  a  stone  and  setting  a  water-gauge  at  '*  West  End"  on  Lake  Pontohar- 
train. 

DISCUSSION  OF  KESULTS. 

There  were  five  discrepancies  in  the  season's  work  beyond  the  limits;  four  of  these 
were  errors  of  10  millimeters,  and  one  of  20  millimeters.  It  is  pretty  well  determined 
that  thsse  all  occnrred  by  allowing  the  rods  to  get  out  of  the  sockets  in  the  f oot-platss. 
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These  sockets  are  Jnst  10  millimeteTs  in  depth ;  every  time  a  train  passes  the  rod  is  taken 
oat,  and  in  replacing  it  the  rodman  is  very  careful  not  to  Jar  the  i)Iate.  Neither  should 
he  incline  the  rod  too  mnch  in  putting  it  back  for  fear  of  bringing  a  lateral  pressure 
on  the  plate  and  so  moving  it.  He  therefore  cannot  get  down  to  look  at  it,  neither 
can  be  let  it  in  so  as  to  hear  the  click  as  it  drops  into  the  socket,  as  he  can  when  he 
first  sets  np,  so  that  some  of  those  errors  ma^  have  come  in  from  this  cause. 

Another  cause  would  be  the  strong  wind,  in  which  we  were  often  able  to  work  on 
account  of  the  protection  afforded  the  instruments  by  the  tents.  The  rods,  however, 
had  no  protection,  and  it  was  with  the  greatest  difficulty  that  the  rodmen  managed 
to  keep  their  rods  in  place.  They  used  a  stick  to  brace  up  the  rod  on  the  leeward  side, 
and  if  this  was  held  firmly  against  the  rod,  the  wind  against  the  top,  would  tend  to 
lift  the  rod  bodily  out  of  the  socket.  One  of  the  ro&s  was  found  in  this  condition  one 
day,  the  spur  resting  ont  on  the  top  of  the  plate,  and  it  had  evidently  been  done  in 
this  way,  the  rodman  not  being  conscions  of  the  change. 

Aside  from  these  five  errors,  which  determinations  were  rejected  in  the  field  com- 
putation, there  were  no  discrepancies  beyond  the  limit  on  the  entire  line. 

A  number  of  stretches  were  run  a  third  and  fourth  time  to  reduce  the  probable  error, 
although  already  within  the  limit,  all  determinations  being  used. 

There  was  no  marked  divergence  in  the  plot  of  the  two  lines  until  the  last  two  weeks. 
This,  I  think,  was  caused  by  the  road-bed  becoming  very  dry,  there  having  been  no 
rain  in  that  time.  When  trains  pass,  the  whole  road-bea  is  shaken  somewhat,  and  if 
there  is  dry  sand  about  the  foot-plates  it  is  liable  to  work  under  them,  and  so  raise 
them  slishtly.  The  discrepancies  are  in  the  direction  to  indicate  a  raining  of  the  foot- 
plates.   The  results  obtained  on  the  bridges  and  trestles  are  very  satisfactory. 

We  have  for  the  five  such  stretches : 


LocaUty. 


Distance. 


Nnmber 
of  lines. 


Haxi. 
mum  dis- 
crepancy. 


Probable 
error  of 


Cbeflfentenr. . 

Bi|!oIeta 

Pearl  River  .... 
B&T  Saint  Louis 
Biloxi  Bridge... 


500 
1,100 

520 
3.700 
1.120 


tMlt. 

1.3 
1.3 
0.0 
8.5 
8.6 


0.2 
0.2 
0.2 
0.5 
0.6 


Many  trains  passed,  both  while  crossing  these  bridges  and  also  between  the  different 
crossings.  The  evidence  is  conclusive  that  there  is  no  appreciable  settling  of  these 
piles  for  passing  trains.  The  probable  error  in  the  mean  lor  the  entire  line  is  7  milli- 
meters. This  corresponds  to  a  probable  error  in  the  mean  of  0.60  millimeters  per 
kilometer,  a  degree  of  accuracy  not  hitherto  attained,  I  believe,  in  this  country. 

It  will  be  seen,  by  comparing  their  elevations  in  the  summary,  that  the  6-foot  mark 
on  the  Biloxi  gauge  is  25.5  millimeters  below  the  zero  of  the  Carrollton  gauge.  The 
keeper  thinks  mean  tide  is  a  little  below  the  6-foot  mark.  It  is  likely,  therefore,  that 
the  zero  of  the  Carrollton  gauge  will  prove  to  be  some  2  or  3  inches  above  mean  tide. 

The  work  is  much  indebted  to  the  attention  paid  to  it  by  Major  Harrod.  It  was 
through  his  influence  that  a  hand-car  was  obtained,  and  also  that  the  party  was 
allowed  to  occupy  various  club-houses  through  the  swamp  region.  The  organization 
of  the  party  was  very  satisfactory.  Mr.  Ferguson  is  always  to  be  commended  for  the 
intelligence,  care,  and  conscientious  devotion  he  brings  to  the  work,  and  Recorders 
Ramei  and  Kastl  are  well  deserving  of  further  employment.  Mr.  Ramel  acted  as  an 
observer  on  31  stretches,  aggregating  24  miles,  on  only  one  of  which  was  the  discrep- 
ancy beyond  the  linut,  and  that  one  by  10  millimeters,  probably  an  error  of  the  rod- 


Very  respectfully,  your  obedient  servant, 

J.  B.  Johnson, 

Aasiaiant  Engineer. 
First  Lieut.  Smith  S.  Lkach, 

Carpt  of  Engineers,  U,  8.  A,,  Secretary  MisHseippi  Biver  Cammiasion, 

>.— -GRAFTON   TO   CHIGAOO. 


Saint  Louis,  September  1, 1883. 
Sir:  I  have  the  honor  to  submit  the  following  report  of  the  field  work  of  precise 
levels  from  Grafton  to  Chicago.     This  work  was  done  in  three  seasons,  viz: 
I.  Grafton  to  Keokuk,  151  miles,  done  May  21  to  Aueust  30,  18b  1. 
n.  Keokuk  to  Fulton,  170  miles,  done  September  6  to  November  25,  1882. 
IIL  Fulton  to  Chicago,  170  miles,  done  May  2  to  August  7, 1883. 
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The  observers  for  all  this  work  were  O.  W.  Ferguson  and  J.  B.  Johnson.  Each  ob- 
server had  a  recorder,  two  rodmen,  and  two  azmen  at  his  disposal,  thus  making  two 
separate  working  field  parties.  Both  parties  were  quartered  together,  and  were  in 
charge  of  J.  B.  Johnson.  From  Grafton  to  Keoknk  they  lived  on  a  qnarter-boat ;  from 
Keokuk  to  Chicago  they  fonnd  accommodations  in  the  villages,  and  nsed  a  hand-car 
to  go  to  and  from  work.  Of  the  491  miles  of  line  from  Grafton  to  Chicago,  406  miles 
were  run  on  railroads,  and  85  miles  along  the  edee  of  the  river  bank.  From  Grafton  to 
Savanna,  the  most  northerly  point  reached  on  tne  river,  railroads  were  only  used  when 
they  were  in  close  proximity  to  the  river  bank. 

*  BXKCH-MABKS. 

From  Grafton  to  Chicago  147  permanent  bench-marks  were  set.  110  of  which  may 
be  found  near  to  the  river,  between  Grafton  and  Savanna ;  of  the  remaining  ?7^  31 
are  on  the  line  of  the  Chicago,  Milwaukee  and  Saint  Paul  Railway,  from  Savanna  to 
Chicago,  aud  6  in  the  city  of^Chicago.  These  bench-marks  are  nearly  all  copper  bolts 
leaded  into  natural  rook,  bridge  piers,  and  abutments,  foundations  of  buildings,  and 

US 
in  stones  set  in  the  ground.     They  are  generally  marked  with  the  letters     O 

PBM 
arranged  in  this  manner  about  the  bolt-head.    Most  of  them  are  set  horizontally  in 
vertical  walls  and  faces  of  rock,  and  the  balance  vertically  in  ho^zontal  surfaces. 
Tht)  latter  are  more  convenient  to  connect  with,  but  are  more  liable  to  be  disturbed 
and  covered  from  sight. 

In  addition  to  these  permanent  benches,  connection  was  made  with  30  *' permanent 
bench-marks "  set  in  Colonel  Farquhar's  survey  of  the  Mississippi  River,  and  pub- 
lished in  the  Report  of  Chief  of  Engineers  for  1880,  page  1520. 

Temporary  benchmarks  were  set  about  every  kilometer,  or  whenever  the  work  was 
interrupted.  There  were  usually  points  of  natural  rock,  abntmenCs,  spikes  in  stumps 
or  roots  of  trees,  or  in  the  trestle-work  over  piles,  or  else  stakes  driven  in  the  ground. 
Where  the  stability  of  the  temporary  bench  was  not  assured,  more  than  one  was  set ; 
in  this  case,  both  were  connected  with  a^ain  in  starting  from  them,  and  the  mean 
elevation  of  the  two  was  used  in  continuing  the  line.  With  but  one  exception,  no 
temporary  bench  was  ever  found  to  have  moved,  and  this  one  was  a  spike  in  a  cattle- 

guartl  where  the  timbers  were  afterwards  found  to  be  decayed.    This  movement  was 
iscovered  in  the  field,  and  the  line  continued  from  the  next  set  of  benches  back  on 
the  line. 

LOCATION  OF  LINE. 

The  location  of  the  line  run  is  as  follows : 

From  Grafton  to  Clarksville,  58  miles,  on  the  east  bank  of  the  river. 

From  Clarksville  to  Burlington,  135  miles,  on  the  line  of  Saint  Louis  and  Keokuk, 
and  Chicago,  Burlington  and  Quincy  railways,  on  the  west  bank. 

From  Burlington  to  New  Boston,  36  miles,  on  the  line  of  the  Chicago,  Burlington  and 
Qnincy  Railway,  on  the  east  bank. 

From  New  Boston  to  .Port  Louisa,  9  miles,  on  the  east  bank,  through  the  bottoms. 

From  Port  Louisa  to  Muscatine,  18  miles,  on  the  west  bank,  through  the  bottoms. 

From  Musratine  to  Rock  Island,  29  miles,  on  the  line  of  the  Chicago,  Rock  Island 
and  Pacific  Railway,  on  the  west  bank. 

From  Rock  Island  to  Savanna,  58  miles,  on  the  line  of  the  Chicago,  Milwaukee  and 
Saint  Paul  Railway,  on  the  east  bank. 

From  Savanna  to  Chicago,  148  miles,  on  the  line  of  the  Chicago,  Milwaukee  and 
Saint  Paul  Railway. 

This  necessitated  crossing  the  river  four  times  with  the  line  of  levels,  viz,  at 
Clarksville,  Burlington,  Port  Louisa,  and  Rock  Island. 

At  Clarksville  aad  Port  Louisa  the  crossings  wereefi'ected  by  simultaneous  readings 
with  two  instruments  on  opposite  sides  of  the  river,  the  midwire  bisecting  a  lar^e 
target  on  the  opposite  shore.  Sixteen  readings  were  taken  by  each  instrument,  m 
sets  of  tour,  which  were  as  follows: 

1.  Telescope  normal,  level  direct. 

2.  Telescope  normal,  level  reversed. 

3.  Telescope  inverted,  level  direct. 

4.  Telescope  inverted,  level  reversed. 

Then  each  observer,  with  his  instrument,  crossed  over,  and  the  same  was  repeated. 
The  longest  readings  thus  taken  were  about  600  meters.    Very  good  results  were 
obtained,  the  probable  error  being  less  than  a  millimeter. 
At  Burlington  and  Rock  Island  the  crossings  were  made  on  bridges. 
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INSTRUMXim. 

The  inAtmrnents  used  on  thia  work  are  tlie  Kern  levels,  and  rods  similar  to  those 
used  in  the  precise  levels  of  Switzerland,  and  are  made  by  J.  Kern,  of  Aaran.  The 
instroment,  with  tripod,  weighs  122  pounds.  It  has  three  steel  leveling  screws,  with 
enlarged  spherical  ends  at  Attorn,  which  are  held  to  the  tripod  head  by  clamps 
fitting  over  the  spherical  enlargements.  The  wye  adjustment  is  by  means  of  a  thumb- 
screw of  very  fine  thread,  so  that  the  last  final  centering  of  the  bubble  is  made  with 
this  screw.  The  bubble  tube  is  fixed  in  a  striding  wooden  case,  with  bra^s  ends  fit- 
ting on  the  collars  of  the  telescope.  The  bubble  case  has  a  glass  cover  and  a  mirror 
that  may  be  raised  to  the  angle  of  45^  and  so  reflect  the  bubble  image  to  the  eye  of 
the  observer  at  the  eye-piece.  The  telescope  clamps  also  hold  the  bubble  case  in  posi- 
tion ;  this  is  removed,  however,  when  the  instrument  is  carried.  The  telescope  gives 
an  inverted  image.  The  reticule  has  three  horizontal  wires,  all  of  which  are  read,  and 
the  m6an  taken  as  the  reading  of  that  sight.  This  also  gives  a  stadia  measurement  of 
the  distance. 

The  rods  are  3  meters  long,  made  of  two  pine  boards  with  a  T'^haped  cross  section, 

Erorided  with  an  iron  spur  at  bottom  with  a  flat  end,  and  a  watch  level  by  which  to 
pld  it  vertical.    They  are  graduated  to  centimeters,  and  are  read  by  estimation  to 
millimeters.    No  target  is  used. 

FIELD  METHODS. 

1.  DvpHcatUm, — In  all  this  work  the  lines  between  benches  have  always  been  dupli- 
cated by  running  the  second  line  in  the  opposite  direction.  From  Grafton  to  Keokuk 
the  duplicate  lines  were  run  by  different  observers,  Mr.  Ferguson  always  runnine 
north  and  Mr.  Johnson  south.  From  Keokuk  to  Chicago  eacn  observer  duplicated 
his  own  work.  It  was  never  attempted  to  carry  two  Imes  simultaneously  with  one 
instrument. 

2.  Observation. — Great  care  was  taken  to  always  get  the  back  and  fore  sights  equal 
in  length.  Since  the  interval  between  extreme  wire  readings  gave  a  stadia  measure- 
ment of  the  distance,  the  recorder  knew,  by  means  of  the  continued  sum  of  back  and 
fore  sight  intervals,  at  all  times,  what  the  total  dilference  was,  and  could  instruct 
the  n)dman  to  make  the  requisite  correction.    This  was  carefully  attended  to. 

The  bubble  was  always  read  by  the  observer  in  the  mirror  set  for  that  purpose. 
This  was  read  by  the  observer's  left  eye,  without  removing  his  right  eye  from  the 
eye  piece.  There  was  a  small  parallax  on  the  bubble  when  the  eye  was  in  this  posi- 
tion, but  since  the  error  was  constant  for  both  back  and  fore  sights,  it  was  eliminated. 
From  Grafton  to  Keokuk  the  bubble  was  brought  approximately  to  the  middle  and 
read,  and  a  correction  applied  for  Its  eccentric  position.  From  Keokuk  to  Chicago, 
the  bubble  was  brought  carefully  to  the  center  and  held  there  by  means  of  the  very 
delicate  wye  adjusting  screw,  so  that  there  were  no  corrections  for  babble  displace- 
ment on  this  part  of  the  work.  The  latter  method  was  found  to  be  about  as  con- 
venient in  the  field,  and  it  saves  much  work  in  reduction. 

In  connecting  with  horizontal  benches  it  was  the  common  practice  to  set  the  in- 
strument on  a  plane  with  the  bench  and  make  the  middle  wire  bisect  the  small  hole 
in  the  center  of  the  bolt,  reading  both  back  sight  on  rod  and  fore  sight  on  bolt, 
with  the  telescope  in  both  normal  and  inverted  positions.  This  was  necessary,  be- 
cause three  wires  were  read  on  the  rod,  and  the  middle  wire  did  not  exactly  coincide 
with  the  mean  of  the  three.  ^ 

The  rod  supports  used  iu  1881  and  1883  were  iron  foot-plates  of  some  18  square  inches 
area,  triangular  in  shape,  having  a  handle,  3  spurs  at  bottom,  and  a  socket  in  the  top. 
with  a  convex  bottom  to  receive  the  spur  of  the  rod.  In  1882  iron  pins  were  used 
in  addition  to  the  foot-plates,  or,  in  place  of  them,  on  portions  of  the  line  where,  from 
our  experience,  they  were  thought  to  be  better  than  the  plates.  This  was  on  alluvial, ' 
moist,  or  spriiigy  ground,  where  the  plates  were  liable  to  change  their  elevation. 
Sometimes  in  the  woods  it  would  be  almost  impossible  to  get  good  solid  earth  on 
which  to  set  the  plate.  The  pins  were  found  to  work  very  well  in  these  places,  but  in 
loose  earth,  as  sand  or  unpacked  gravel,  the  foot-plates  are  greatly  superior.  If  but 
one  kind  of  support  is  to  be  used  under  aU  conditions,  the  foot-plates  are  preferable. 

INSTRUMENTilL  CONSTANTS  AND  ADJUSTMENTS. 

The  value  of  one  division  of  the  level  bubble  in  seconds  of  arc  was  determined  two 
or  three  times  each  field  season,  also  the  diflerence  in  the  diameters  of  the  telescope 
collars,  and  the  correction  therefor,  and  the  value  of  the  wire  intervals.  Ihe  adjust- 
ment of  the  bubble  tube,  and  the  line  of  collimation  of  the  mean  of  the  three  wires, 
to  the  axis  of  the  telescope  collars,  was  made  or  examined  every  time  the  instruments 
were  set  up,  and  again  on  closing  a  stretch.    In  the  former  case  the  error  of  paral- 
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lelism  was  made  very  small,  and  in  the  latter  its  absolnte  valne,  in  seconds  of  aro, 
was  fonnd  by  reversed  readings.  These  values,  foand  at  the  close  of  the  stretch, 
called  corrections  for  *' inclination''  and  " collimation/'  together  with  the  correction 
for  ineqaality  of  collars,  called  the  "  pivot"  correction,  were  all  evaluated  for  the  re- 
sidual difference  in  distance  between  Hums  of  back  and  fore  sights,  and  the  resulting^ 
correction  applied  to  the  computed  elevation  of  the  forward  benches.  The  algebraic 
sums  of  these  corrections  seldom  amounted  to  more  than  one  or  two-tenths  of  a  milli- 
meter, on  account  of  the  care  taken  to  keep  the  back  and  fore  eights  equal. 

The  corrections  resulting  from  the  condition  of  the  instrument  at  the  close  of  the 
stretch  were  alone  used,  because  where  constant  care  had  been  exercised  to  keep  the 
back  and  fore  sights  balanced  up,  the  residual  difi'erence  would  usually  be  made  on 
the  last  one  or  two  settings. 

PBOGBESS. 
The  following  table  shows  the  rates  of  progress  made  in  the  three  seasons: 


Item. 

Grafton  to 
Keokak. 

Keoknk  to 
irulton. 

Fnltonto 
Chicago. 

Grafton  to 
Chicago. 

Lenffthofline 

151 
04 
73 
L« 
2.1 

170 

81 

68 

^1 

2.0 

170 
06 
67 
1.7 
2.S 

401 

Nnmber  of  <lftyB  in  entire  field  eeaeon 

278 

Na]nt>er  of  dftys  In  which  wnrk  wa* done ....^- 

108 

Averaore  dail  iT  mn  in  miles  for  entire  season 

1.8 

Average  daily  mn  in  miles  for  working  days 

2.6 

These  average  mns  may  be  taken  as  finished  dnplicate  work  by  the  two  parties  or 
as  single  line  by  one  party. 

The  greater  progress  made  in  the  season  of  1882  was  due  to  the  good  weather  and 
the  use  of  the  Iiand-car  and  the  observing  tents.  These  latter  were  made  to  be  used 
on  the  Gulf  coast  to  protect  the  instniment  from  the  wind.  They  are  5  by  G  feet  wall- 
tents,  with  one  8- foot  center  pole,  held  at  bottom  by  eight  steel  pins.  TLey  allowed 
work  to  be  done  on  many  days  when  it  would  have  been  impossible  without  them. 

CONNECTIONS  AT  CHICAGO. 

The  object  of  carrying  the  line  to  Chicago  was  to  connect  with  Lake  Michigan. 
The  Lake  Survey  had  determined  the  elevation  of  certain  bench-marks  at  Milwaukee, 
as  well  as  the  mean  elevation  of  Lake  Michigan,  for  the  months  of  May,  June,  July, 
and  August,  1875,  and  also  the  mean  elevation  of  the  lake  from  January  1,  1860,  to 
December  31,  1875,  above  mean  sea-level  at  New  York  City. 

At  Chicago  a  gau^e  had  been  read  three  times  a  day  at  tbe  crib,  being  the  entrance 
to  the  tunnel  two  miles  from  shore,  since  1872.  This  gauge  had  apparently  remained 
nndistnrbed  since  it  was  first  set.  Its  zero'  was  set  at  8.01  feet  above  city  directrix 
by  spirit  levels  carried  through  the  tunnel.  In  1878  a  water-level  connection  of  great 
accuracy  was  made  by  the  present  city  engineer,  Mr.  S.  G.  Artingstall,  between  the 
crib  and  the  shore,  and  the  crib  gauge  was  found  to  be  0.246  foot  too  low  by  tbe  shore 
benches.  The  crib  gange  was  taken  as  correct,  however,  and  corrections  applied  to 
the  shore  bench-marks.  By  this  decision  the  city  directrix  is  a  point  8.01  feet  below 
the  zero  of  the  crib  gauge. 

The 'line  of  precise  levels  was  Joined  with  eight  city  benches  and  with  the  crib 

riuge  by  water  levels.  These  water  levels  consisted  in  reading  3  gauges  on  shore  and 
at  the  crib  every  five  minutes  for  seven  consecutive  hours  on  a  calm  day.  This  con- 
nection fVom  shore  to  crib  agreed  with  that  of  the  city  engineer  in  1878  to  the  nearest 
thousandth  of  a  foot. 

Having  thus  joined  the  line  of  precise  levels  with  the  zero  of  the  crib  gauge,  it  re- 
mained only  to  obtain  a  comparison  of  gauge-readings  at  Chicago  and  Milwaukee  to 
transfer  the  Milwaukee  elevations  to  Chicago.    Thus  the  Mississippi  River  line  of 

Srecise  levels  is  Joined  to  the  United  States  Lake  Survey  line  of  levels  from  New  York 
ity.    (For  a  description  of  the  determination  of  the  elevation  of  the  Great  Lakes, 
see  Professional  Papers,  Corps  of  Engineers,  No.  24,  p.  595.) 

The  following  recorders  have  assisted  on  the  work :  A.  Ramel,  P.  P.  Sanborn,  A. 
L.  Amer,  £.  E.  Woodward^  Jr.,  and  S.  J.  Fitzhugh,  all  of  whom  discharged  their 
duties  with  credit.    My  assistant,  Mr.  O.  W.  Ferguson,  deserves  especial  mention  for 
the  accuracy  and  rapidity  with  which  he  has  always  done  his  work. 
Very  respectfully,  your  obedient  servant, 


Fint  Lieut.  Smith  S.  Leach, 

Seoreiary  ifiMiMljypi  Biver  CcmmiuUm, 


J.  B.  Johnson. 
United  State$  AuUiant  Engmeet. 
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3.  Bepart  on  reduction  of  precise  levels,  hy  L,  L,  Wheeler,  assistant  engineer, 

Cottonwood  Point,  Mo., 

October  29,  1883. 

Sib:  I  bave  the  honor  to  submit  the  following  report  upon  the  reduction  of  precise 
levels,  made  under  my  direction.  These  levels  include  the  following  sections:  From 
CanoiltoUy  La.,  to  Biloxi,  Miss.,  a  distance  of  140  kilometers;  from  Grafton,  111.,  to 
Cairo,  111.,  a  distance  of  346  kilometers ;  from  Keokuk,  Iowa,  to  Qrafton,  111.,  a  dis- 
tance of  ^  kilometers;  and  from  Keokuk,  Iowa,  to  Fulton,  111.,  a  distance  of  2(77 
kilometers. 

In  the  reductions  made  under  my  direction,  the  greatest  care  has  been  taken  that 
no  errors  of  computation  should  enter  into  the  results.  All  reductions  have  been 
checked,  either  by  comparison  with  the  corrected  field  reduction,  or  by  two  persona 
computing  the  same  results  independently.  It  is  therefore  believed  that  the  results 
here  given  may  safely  be  taken  as  tbe  correct  ones  resulting  from  the  observations. 

In  these  four  sections  the  instruments  used  were  alike,  and  the  method  of  field  work 
nearly  the  same  throughout. 

The  instruments  and  rods  were  manufactured  by  J.  Kern,  of  Aarau,  Switzerland, 
and  are  similar  to  those  described  in  the  Report  of  the  Chief  of  Engineers  for  1877, 
page  1190. 

Table  A  shows  the  various  determinations  of  the  instrumental  constants  up  to  the 
date  of  the  completion  of  the  lino  from  Keokuk  to  Fulton. 

Table  B  sbows  the  instrumental  constants  used  in  reducing  the  notes  of  each  section, 
and  the  computers'  names.  In  this  table  i  and  i'  are  tbe  angular  distances  of  the 
upper  and  lower  wires,  respectively,  from  the  midwire,  and  I  is  the  angular  distance 
between  extreme  wires.  The  remailider  of  the  table  is  sufiiciently  explained  by  the 
headings  of  the  columns. 

Table  A. — Constants  for  Kern  levels  and  Kern  level  rods. 


[p  is  for  "pivot  coTT«ction,"  or  correction  for  inequality  of  telescope  rings.  It  is  tfae  an^Iar  corree* 
taon  to  bo  applied  to  the  lino  of  collinoation  to  reduce  it  to  tbe  horizonUil  plane  of  the  upper  snrfaco 
of  the  rinca.  v  is  the  valae  of  one  division  of  the  level  tube  in  seconds  oi  arc.  L  is  the  length  of  s 
Trod.1 


Komber  of  iastroment. 


Constant. 


Date. 


No.  of 
observa- 
tions. 


Probable 
error. 


Semarks. 


Kem  level 


1 

—  0.34 

1 

—  1.04 

1 

P  = 

—  1.50 

1 

P  = 

-2.66 

1 

p=s 

—  1.38 

1 

P  = 

—  3.52 

1 

P  = 

-1.91 

1 

P  = 

—  2.46 

2 

P  = 

+  0.09 

2 

P  = 

+  0.50 

2 

P  = 

+  1.84 

8 

P  = 

+  2.53 

3 

P  = 

+  0.17 

3 

P  = 

+  0.19 

8 

p  = 

+  1.10 

8 

P  = 

+  2.71 

3     p  = 

—  0.37 

5 

P  = 

—  1.85 

iabe... 

2 

4.08 

2 

V  = 

3.83 

2 

4.49 

2 

V  = 

5. 60 

2 

V  = 

4.61 

3 

V  = 

3.00 

3 

V  = 

3.2'? 

3 

V  = 

3.27 

8  ;  r  = 

3.22 

3 

r  = 

2.90 

3 

0  = 

3.24 

8 

V  = 

3.04 

3 

V  = 

3.21 

8 

V  = 

3.19 

6 

rss 

2.04 

6 

V  = 

2.85 

5 

»  = 

2.76 

6 

V  « 

2.86 

7 

V  = 

4.25 

U 

«S3 

2.06 

A\iff.  14, 1880 
May  24. 18.-1 
Aii;^.ll,lP«81 
Aug.  27,  It-Sl 
Feb.    3,18>-2 
Mav  11,1882! 
Jario24, 1882' 
Dec.  20, 1882 
Aug.  16, 1880  j 
Oct   12,1880 
Jon.     8,18811 
May  20, 1881  I 
TclJ.    4,1882' 
May  11,1882  I 
I  June  24, 1882  , 
S«'pt   0, 18VC2I 
Dec.  21,1S82 
Feb.     4. 1882 
Aug.  14, 1F80 
Aug.  16, 1880 
Aug.  19, 18>50 
Jan.    8. 1881 
Mar.  15,  lJ-81 
Oct.     7, 1880 
0<  t     0, 1880 
Jan.    7,1881 
Oct.    14,1881 
May  24, 18HI 
Aug.   9,1881 
Ant*:  27  18S1 
M.iy    6,1882 
June  23, 1882 
Mav  25, 1881 
Aug.   9.1861 
Aug.  27, 1881 
Mav    7,1882 
Aug.  13, 1880 
Aug.  21«  1880 


42 

10 

10 

10 

7 

14 

10 

8 

4 

8 

16 

8 

5 

14 

10 

6 

8 

5 

74 

33 

37 

23 

31 

24 

28 

32 

30 

10 

10 

10 

0 

12 

6 

36 

10 

6 

89 

19 


db  0.30 
db  0.18 
±  0.05 
-t:    0.06 

db  0.09 


0.06 
0.13 
0.03 
0.07 
0.02 
0.03 
0.11 


db  0.06 


±  0.10 
db  0.05 


i:  0.04 
±  0.02 
±0.03 


db  0.02 
±  0.01 
±  0.08 
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Number  of  inatrament. 


ConnUnt 


Date. 


No.  of 
obnerva- 

tiODA. 


Probable 
error. 


Benwrka. 


Eeni  loveling-rod X 

X 

XI 

XI 

XII 

xn 
xni 


xni 

XIV 

XV 

XVI 

XVII 


Vftflk 

L=  3.000011 

Ls  3.000280 

L=  3. 000102 

L=:  a  000303 

L=  2.999919 

L=  3. 000113 

Ls  3. 00C070 


l,s  3.000293 

L=  3.000029 

L=  3.00UI59 

Ls  3.  OOOOHJ 

L=  8.000133 


(.1iiDe,1«80| 
(Aug.  1882  i 

Ang.,1882 

5  Jnne,  1880  I 
X  Aag.,lb82  i 

Aug..l882 

5  June,  1880] 
{Aug..l882j 

Aug.,  1880 

C  Juno,  1880  I 
{Aug.,  1882! 

Au{E.,1882 
Au*;..1hh2 
Aug  ,1882 
Aug.,  1682 
Aug.,  1882 


rMean  of  Lake-Survey 
dtiteruiinat'ontt.  anil 
th«ee  in  ufiice  uf  Uis- 
•iwmpl  River  Coni- 

[    mljftslon. 

rMean  Of  Lake-Survey 
detenuinauons.  aaa 
thoae  in  office  of  Mia- 
sisaippi  River  Com- 

rMean  of  Lake-Surver 
detenuinat  ioD«^  ana 
those  in  ollic«  of  M ia- 
sisntppi  Biver  Com- 

[    miaalon. 

f  Mean  of  Lake-Survey 
determinations,  ana 
tboiKi  in  office  of  Mia- 
aiMHippl  Uiver  Com- 
miaaiun. 
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,  Aecompanying  this  report  are  tables  of  resnits  and  descriptions  of  the  permanent 
bench-marks. 

In  the  tables  of  results  column  1  gives  the  bench-mark,  T.  B.  M.,  signifying  tempo- 
rary bench-mark,  and  U.  S.  P.  B.  M.,  signifying  United  States  permanent  bench-mark. 

Column  2  contains  the  distances  in  kilometers  from  the  initial  bench-mark. 

Column  3  gives  the  direction  in  which  the  line  was  leveled. 

Column  4  gives  the  successive  diflferences  of  elevation  in  meters  between  bench- 
marks, and  the  mean  of  such  determinations. 

Column  5  gives  the  residuals  found  by  subtracting  each  determination  from  the 
mean. 

Column  G  gives  the  probable  error,  r,  of  the  mean  in  column  4,  computed  by  the 
formula 


r  =  ±0.6745 


-ym(m— 1) 


Column  7  gives  the  probable  error  R,  of  the  mean  elevation  of  each  permanent 
bench-mark  as  computed  from  the  beginning  of  the  section. 

Column  8  give?  the  elevations  of  all  bench-marks  referred  to  the  Cairo  datum 
plane,  which  is  290.84  feet  below  the  zero  of  the  United  States  Engineers'  gauge  at 
Cairo,  111. 

Column  9  gives  the  corrections  which  are  to  be  applied  to  the  elevations  in  column 
8  to  reduce  them  to  standard  meters. 

Column  10  gives  the  corrected  elevations  referred  to  the  same  datum  plane. 

Column  11  gives  the  initial  of  the  observer  for  each  determination. 

"  J  "  is  for  Assistant  J.  B.  Johnson. 

"  F"  is  for  Assistant  O.  W.  Ferguson. 

**  P"  is  for  Assistant  J.  A.  Paige. 

"  S  "  is  for  Recorder  E.  H.  Sankee. 

"  B  "  is  for  Recorder  H.  P.  Bourne. 

**  Sn"  is  for  Recorder  P.  P.  Sanborn. 

"  R  "  is  for  Recorder  A.  Ramel. 

Column  12  indicates  the  nature  of  the  support. 

The  above  report  is  respectfully  submitted. 

L.  L.  Wheblbb. 
Asnatant  Engineer. 

First  Lieut.  Smith  S.  Leach, 

Secretary  Miaeisrippi  Biver  Commission. 


Results  of  precise  leveling, 

CAEROLLTON,  LA.,  TO  BELOXI.  MISS. 

[BeDch-markB  marked  with  an  asterisk  are  not  in  main  line  of  levels.] 


Bench. 

1 

j 

1 

Id 

V. 

r. 

R. 

1 

fc 

8 
1 

1. 

i 

C.  and  G.  S.  1,  Car- 

Km. 

M. 

^m. 

Mm.    Mm, 

M, 

Mm. 

M. 

t9.0272 

rollton. 
*B.  M.  Hnrnpaon. 
(Re-eBtabliHliod 

—0.  .3732 
—0.3710 

+1.1 
—1.1 

1 

a7  1 

......  I...... 

8.6551 

F. 

Mean.. 

. 

P. 

by  Mj^.  Howell) 

8.8292 
9.7752 

—0. 3721 

*B.  M.  Harnpson 

(WilliaiTiB). 
•B.M.3,  Ripley... 

—0.1980 

P. 

+0.1 
-0.3 
+0.3 

0.1 

+0.  7479 
-f0.74«3 
-1-0.  7477 

P. 

Mean.. 

P. 

J, 

-f  0.7480 

f  P.  B.  M 1,  Carrollton,belowP.  B.  M.  1,  Greenville  -37. 0619  M,  furnished  in  mannscript  by  the  United 
StateH  Coast  and  Geodetic  Survey.  Office  Report,  641,  A.  C.  P.  B.  M  1,  Greenville  above  Cairo 
datam  46.0891  M.    Report  for  1882,  page  74. 
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BcBulU  of  preoUe  leveUng^Contianed. 
CABBOLLTON,  LA...  TO  BILOXI,  MISS.-Go&tiniied. 


BflMh. 

1 

1 

1 

V. 

r. 

B. 

1 

1 

i 

i 

•aiL^Bfpley... 

Km. 

If. 

+0.4800 
+0.4010 
+0.4017 

Mm, 
+1.0 
-0.1 
-0,8 

-0.1 
+0.1 

+0.2 
-0.2 

Mm. 
0.4 

Mm. 

If. 

0.5181 

Mm. 

If. 

F. 

Mean.. 

F. 

J. 

0.1 

0.0303 

+0.4000 

•&lL5bBiiniey  .. 

+0.0032 
+0.0030 

F. 

Mean.. 

J. 

0.1 

10.6402 

+0.0031 

*14-Jb<4  mark  of 

+1. 6128 
+1.6132 

F. 

water  ffance. 

Mean.. 

J. 

Cam^Ilton. 

0. 1478 
7.7655 

7.8608 

0.0 

a  1478 

+L6130 

*U.  &  P.  &  M. 

-fO.1206 

J. 

"CvnoOtotL** 

*Cit7aM.iiiark6d 
{TK     M.      B., 
Jime,  1874]. 

T.Bli.1.... 

— L2617 

J. 

LOS 

8.38 
8.00 

&02 

6.65 
11.48 

1L74 
6l66 

6L74 

E 

E 

W 

W 

Mean.. 

E 

W 

Mean.. 

B 

W 

W 

Mean.. 

+1.2 
+1.1 
—3.6 

+1.1 

-a8 
+a7 

0.0 

ao 

—0.1 

0.8 

—1.6586 
—1.6586 
—1.6538 
—1.6585 

J. 

J. 

F. 

F. 

0.5 

7.4840 

—1.6574 

I.B.1LS 

+0. 1150 
+0.1136 

J. 

F, 

0.0 

0.0 

6.0403 

—0.1 

6l0402 

+0. 1142 

Xr.&P.RM.!.... 

—0.6437 
—0.6437 
-a  5436 

J. 
F. 

F. 

7.7083 
6l4774 

-0.5437 

*Cife7  stone  at  in- 

+0.2793 

J. 

isetoD  and  Car- 

roUton  avenuea. 

T.BIL3 

B 

W 

Mean.. 

+1.8 

-La 

1.2 

-0.4647 
—0.4611 

J. 

F, 

7.0870 
7.6305 

7.6753 

-0.4620 

*Cft7  stone,*' Half- 

+1.5006 

J. 

way  HonaeL" 
*&5-toot  mark  of 

—0. 3475 

I* 

taoffe  at  West 
*B.1L'*  Height  of 

—0.1 
0.0 

+1.0 
-2.0 

-0.2 
+0.2 

0.0 

+0.0350 
+0.0358 

F. 

HfltaiiieBidge." 

Mean.. 

E 

W 

Mean.. 

B 

W 

Mean.. 

F. 

1.8 

6.5062 

+0.0358 

T.&1L4 

+0.0250 
+0.0208 

J. 

F 

0.1 

7.8080 

+0.0278 

TL&116 

+0.7080 
+0.7085 

B. 

F, 

+0.7087 
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BesulU  of  predae  leveling — Continued. 
CARBOLLTON.  LA.,  TO  6IL0XI,  MIS6.~Continned. 


Bench. 
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r. 

R. 

J 
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|| 

i 

*U.aP.B.M2... 

Km. 
6.76 

8.14 

8.30 

0.27 

0.63 

11.86 

12.57 

18.88 

14.86 

16.20 

lass 

19.29 
20.26 
20.90 

E 

W 

Mean.. 

E 

W 

Mean.. 

E 

W 

Mean.. 

E 

W 

Mean.. 

E 

W 

Mean.. 

E 

W 

Mean.. 

E 

W 

Mean.. 

B 

W 

Mean.. 

E 

W 

Mean.. 

E 

W 

Mean.. 

E 

W 

Mean.. 

E 

W 

Mean.. 

E 

W 

Mean.. 

E 

W 

Mean.. 

M.         Mm, 

+  1.8556    -0.2 
+  1.8552  '4-0.2 

Mm. 
0.1 

Mm. 

2.0 

Jf. 

9.1593 

Mm. 
0.0 

If. 

9.1583 

R. 
F. 

+1.8554 

-1-0.8 

0.6 

7.8055 

*City  stone  in  oity 
park. 

—1.  3546 

P. 

1.3530  '     0-8 

P. 

+0.7 
-08 

0.5 

2.1 

7.6747 

-0.1 

7.6746 

—1.3538 

U.8.P.B.M3.... 

+  0.3701 
+0. 3716 

R. 
F. 

—0.9 
+0.9 

+1.4 
-L3 

+1.6 
-1.6 

4-0.7 

0.6 

7.7889 

T.   B.   M.   7         r    ,             r 

+0. 3708 

+0. 1151 
+0. 1133 

R. 

• 

P. 

0.9 

7.6813 

T.  B.  M.  fl 

+0. 1142 

—0. 20f»0 
—0.2063 

R 

P. 

1.1 

7.7958 

—0. 2076 

T.B.MO 

+0.2124 
+  0.2156 

R 

P. 

0.4 

7.0683 

+0.2140 

T.B.M10 

—0. 7277 

R. 

—0.7264  '-16.6 

P. 

+  1.9 
—1.8 

—1.9 

1.2 

7.4953 

—0. 7270 

T.BwM.12 

+0. 4251 
+0. 4288 

R 

P. 

0.8 

7.5035 

+0. 4270 

T.B.M.13 

+0.0094 

E. 

+0.  OUOO  !4-i.3 

P. 

—0.8 
+-0.9 

0.6 

7.6911 

+0.0082 

T.B.M.14 

+0. 1867 

R 

P. 

0.8 

7.1658 

+  0.1876 

T.B.M15 

—0.  5J57 

-4.0.4 

s. 

—0.5249  '-I0.4 

P. 

-to.  1 

0.1 

7.1126 

T.B.M.16 

-0.5253 
—0  0.>33 

R 

—0.0530 0-2 

P. 

O-O  Q 

0.6 

7.6648 

T.B.M.17 

—0. 0532 
+  0.5513 

R 

+0.5530  -16.8 

+  0.5522 

—0.351^0  1+0.4 
—0.3573   —0.3 

P. 

T.B.M18 

0.2 

7.3072 

E. 

P. 

-0.3576 
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Betults  of  pred»e  leveling — Continued. 
CAEROLLTON,  LA.,  TO  BILOXI,  MISS.-Continned. 
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W 
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W 
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0.0 
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Be9ult8  of  precUe  leveling-^ContisinwL 
CABBOLLTOK,  LA.,  TO  BILOXI,  IdSa-Omtinaed. 
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Mm. 

LI 

Jfm. 

M. 

7.6282 

Mm. 

M. 

J. 

P. 

LI 

7.7243 

-0.7328 

T.R1L82I 

+0.0944 
40.0994 
+0.0942 

J. 

P. 

J. 

0.6 

7.0564 

+0.096a 

T.KlL33And33a. 

+0.2304 
+0. 2319 

J. 

F. 

L6 

7.4206 

+0. 2312 

T.KlL84aad84a. 

-0.f324 
—0.5372 

J. 

F. 

0.8 

&2668 

-0.5348 

T.B.1L86 

+0.8403 
+0.8440 

J. 

p 

0.4 

8.1688 

+0.8452 

T.BwlLSe 

-^.0976 
-0.0964 

J. 

F. 

0.9 

7.2710 

—0.0970 

T.BwlL87aiid87a. 

-0.8964 
—0.8991 

B. 

F. 

0.6 

7.2887 

-0.8978 

T.KM.37I 

+*0. 0117 

B 

+0.0140  ,—1.3 
+0.0123    -4.0.4 

F. 

J, 

4^.7 

0.7 

7.2806 

+0.0127 

T.BwlL88aDd88a. 

—0.0449 

B. 

-0.0420  —2.2 
—0.0456   4-1.4 

F. 

F. 

4.  .4.0 

2.0 

8.7050 

—0.0442 

T.B.M.80and30a. 

+1.4625 

J. 

+1.4685  '-^.6 

F. 

+0.5 
—0.6 

0.4 

6.7 

6.0510 

-0.1 

6.9600 

+1.4655 

♦U.8.P.B.M.6... 

— L7545 
—1.7534 

F. 
F. 

-0.6 

+1.4 
.Ui.4, 

a4 

8.7865 

—1.7540 

T.  KM.  40  and  Ma. 

+0.0320 
+0. 0301 
+0.0311 

J. 

F, 

J. 

+0.0327  —1-2 

F. 

-0.3 
+0.3 

0.2 

7.8267 

+^).0315 

T.B.l£41aDd41a. 

— L1105 
-1.1111 

B. 

F. 

— L1108 
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BeauUa  of  precUe  lecelinff — Continned. 
CABBOLLTON,  LA..  TO  BILOXI,  MTSa-^^ontinned. 


Bendi. 

1 

1 

1 

V. 

r. 

B. 

i 

1 

¥ 

1 

T.&lL42and42a. 

Km, 

60.84 

63.50 

64  98 
66.18 

67.39 
67.01 

67.87 

68.  M 
69.86 
70.41 
71.49 

E 

W 

Mean.. 

E 

W 

Mean.. 

E 

W 

E   

W 

Mean.. 

E 

W 

Mean.. 

E 

W 

E 

Mean.. 

E 

W 

Mean.. 

E 

W 

W 

Mean.. 

M. 
—0.0942 
—0.0943 

Mm. 

0.0 

+0.1 

—0.3 

Mm. 
0.0 

Mm, 

M. 

7.6816 

Mm. 

M. 

B. 

F. 

0.2 

7.8005 

-0.0942 

TB.  14.43 

+0.2693 

J. 

+0.2686  1+0.4 

F 

L7 



&0899 

+0.2690 

T.RM.44 

+0.2820 
+0. 2914 
+0.2930 
+0. 2910 

+7.4 
-2.0 
-3.6 
— L6 

—0.4 
+0.4 

+2.1 
-3.2 

+1.1 

+1.0 
—LI 

0.0 

+0.4 
-0.6 

-0.2 
—0.2 
+0.6 

0.0 
+0.1 

-«.l 
0.0 

12:? 

+0.4 
-0.4 

—0.5 
+0.5 

J. 

F 

j' 

F. 

0.3 

'.'.'.'." 

7.8028 

+0.2804 

T.B*lL45and45a. 

—0.2867 
— 0.2»75 

J. 

p. 

LI 

7.9939 

-r0.2871 

T.K1L46 

+0.1890 
+0. 1943 
+0.1900 

J. 

F 

B. 

0.7 

a  8039 

+^.  1911 

T.RM.47 

+0.3090 
+  0.3111 

J. 

F. 

0.2 



7.6661 

+0.3100 

T.RM.48 

-0.6378 
—0.6382 
—0.6373 

J. 

F 

F. 

0.2 

6.1 

9.6649 

0.0 

9.5649 

—0.6378 

•TT.R.P.KV  «  -_ 

+-L8990 
+1.8990 
+L8983 

F. 
F 

J. 

Mean.. 

E 

W 

Mean.. 

E 

W 

Mean.. 

E 

E 

Mean.. 

E 

0.0 

&1681 

+1.6988 

T.R]L48iuid49a. 

+0. 6020 
+0. 5019 

J. 

F. 

0.0 

7.9889 

+0.5020 

T.&1L50 

—0. 1791 
—0.1792 

J. 

1* 

0.1 

6.1 

7.6029 

— ai 

7.6028 

-0.1792 

•TT.&P.RM.7-.. 

-0. 3862 
—0.3850 

B. 
B 

0.8 

&1593 

—0.3860 

T.&lL51aod51a. 

-f  0. 1700 
+0.1708 

+0. 1704 

J 

1  W...... 

F. 

72.28 

Mean.. 

E 

W 

Mean.. 

0.3 



7.7175 

T.&H.52 

—0.4413 
—0.4423 

J. 

F, 

—0.4418 
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Beaults  ofpredse  leveling — Continued. 
CARBOLLTON,  LA.,  TO  BUJOXI,  MISS.— Continiied. 


Bench. 

1 

i 

1 

V. 

r. 

R. 

j 

1 

j, 

1 

T.B.M.68 

Km. 

78.87 

74.79 

78.40 

7a  36 

78.63 

79.10 
80.87 

81.00 

83.17 

84.68 

85.80 
8S.43 
86w46 
8&28 

E   

W 

Mean.. 

E 

W 

Mean.. 

E 

W 

Mean.. 

E 

W 

Mean.. 

E 

W 

Mean.. 

E 

E 

W 

Mean.. 

E 

w 

Mean.. 

E 

W 

E 

W 

Mean.. 

E 

!:::::: 

W 

Mean.. 

E 

W 

Mean.. 

E 

W 

Mean.. 

E 

W 

Mean.. 

E 

vr 

E 

Mean.. 

M. 

+0.4800 
+0.4769 

Mm. 
-1.6 
+1.6 

+0.1 
-0.1 

—0.6 
+0.6 

-0.1 
+0.1 

—1.1 

Mm. 
1.0 

Mm. 

M. 

&1050 

Mm, 

jr. 

J. 

F. 

0.1 

7.8805 

+0.4784 

T.RILM 

—0.3155 
-0.3153 

J. 

F. 

0.4 

7.6703 

—0.3154 

T.B.M.56and55a. 

—0.3096 
—0. 3107 

J. 

F. 

0.1 

7.8740 

—0. 3102 

T.B.H.6e 

To7zm 

+a8036 

B. 

F. 

0.7 

a  1983 

+0.3037 

T.R1L67 

+0. 3254 

R. 

+0. 8232  '4-1. 1 

F. 

6.2 

9.2944 
a  4737 

ao 

a2944 

+0. 3243 

*TT.  8.P.B.M.8.. 

+1.4204 

J, 

+0.2 
-0.2 

-0.2 
+0.2 

^l 

—1.1 
-0.4 

-0.1 

(t) 

+  0.7 

-0.6 

—1.0 
+0.0 

-0.2 
+0.2 

+0.1 
-0.2 

+3.3 
—0.5 

0.1 

T.B.l£68And58a. 

+0. 2752 
+0.2766 

R. 

F. 

0.1 

9.6786 

+0.2754 

T.B.1LG0 

+1.2051 
+1.2047 

J. 

F. 

0.0 

a  0041 

+1.2049 

T.B.H.eo 

—0.6781 
—0.6723 
—0.6734 
-0.6741 

—0. 6745 

J. 



F. 

J. 

F. 

0.3 

1L8316 

T.RlL61uid61a. 

+2.3276 
+2.3065 
+2.3267 
+2.3280 

J. 

F. 

J. 

F. 

0.6 

6.4 

11.0605 

+0.1 

11.0006 

+2.8274 

•U.8.P.RM.8... 

— O.270O 
—0. 2719 

J. 
F. 

0.1 

11.6121 

—0.2710 

T.R1L62 

+0. 2808 
+0.2804 

J. 

F. 

0.1 

11.7350 

+0.2806 

T.B.H.68 

+0.1237 
+0.1240 

J. 

F. 

L2 

12.6075 


+0.1238 

T.B.1C.M 

+0.8683 
+0.8744 
+0. 8721 

J. 

F. 

J, 

+0.8716 

tBejeeted. 
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Bnulta  ofpredte  leveUng^Conimaed. 
GABROLLTON,  LA.,  TO  BILOXI.  MI8S.-Contlniied. 


BOMb. 

1 

j 

i 
•1 

V. 

r. 

B. 

g 

1 

1 

1 

T.&H.C5 

Km. 
9a  15 

BLe6 
01. 9t 
9L68 
95.41 

97.66 
100.23 

102.18 

10a27 
103.54 
10&13 
106l63 
10&66 

E 

W 

W 

Mean.. 

E 

W 

E 

W 

lifean.. 

E 

E 

aCeaji.. 

E 

E 

W 

W 

Mean.. 

B 

W 

Mean.. 

E 

W 

E 

B  

W 

Mean.. 

B 

W 

W 

Mean.. 

E 

W 

Mean.. 

E 

W 

Mean.. 

E 

W 

Mean.. 

E 

W 

Mean.. 

E 

E 

Mean.. 

-fO.9075 
+0  9120 
+0.9100 

Mm. 

ill 

-0.2 

-L2 

+L2 

-0.9 

+a8 
+a6 

-0.4 

-0.2 
— L6 
+2.1 
—0.4 

-0.9 
+0.9 

+ao 

+2.7 
-1.9 
—4.3 
-4.8 

+2.4 
-2.1 
-0.4 

-0.4 
+0.4 

+0.7 
-0.7 

+0.2 

-as 

+1.0 
-LI 

-a  4 
+a6 

Mm. 

ao 

Mm. 

Jf. 

13.5173 

Mm. 

M 

J. 

F. 

P. 

as 

12.0428 

+0.9098 

T.&H.68  and  66a 

—1.4738 
—1.4762 

J, 

P. 

ao 

a6 

13.6181 

+a2 

18.6188 

-1.4750 

•U.aP.BwM.10.. 

+1.4717 
+1.4700 

B. 
B. 

as 

a6 

12.8621 

+a2 

12.8628 

•ir.ap.Ritu.. 

+L4708 

+0.8103 
+0.8202 

J. 
P. 

as 

a  8391 

ao 

assoi 

+0.8198 

U.&P.BLM.12... 

-i7030 
—2.7016 
-2.7053 
—2.7028 

J. 

J, 

P. 

P. 

a6 

a  2912 

-2.7032 

T.RlL69and6lto 

—0.0470 
-0.0488 

J. 

P. 

L6 

a6088 

-a  0479 

T.BwlL70and70a. 

+0.2941 
+0.2994 
+0.3040 
+0.8084 
+0.3004 

B. 

P. 

J. 

J. 

P. 

• 
a9 

12.1007 

+0.3021 

T.S.M.71 

+2.6030 
+2.5095 
--2. 6078 

J. 

P. 

P. 

as 

as 

a78S9 

ao 

a  7359 

+2.5074 

•TJ.&P.B.M.13.. 

+ai430 
+0. 1422 

J. 
P. 

as 

12.0837 

+0.1426 

T.R1L72 

-0.0177 
-0.0163 

J. 

P. 

a2 

14.6911 

-0.0170 

T.ElL73aad734i. 

+2.6072 
+2.6077 

J. 

P. 

a7 

iaii45 

+2.6074 

T.&lL74a]id74«. 

+1.4524 
+L4545 

J, 

P. 

aa 

7.0 

ia7651 

+as 

16.7664 

+1.4534 

•U.&P.B.M.H-. 

—0.8790 
.^.3799 

J. 
P. 

-0.3794 
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Refults  of  precise  ZereJin^— Continued. 
CARBOLLTON.  LA.«  TO  BILOXI,  MISS.— Continoed. 


Bench. 

Q 

1 

1 

4 
f 

V. 

Mm. 

r. 

B. 

1 

g 

O 
1 

M 
Mm. 

|l 

1 

T.RM.76 

Km. 

108.11 

100.68 
111.05 
112.15 
U2.25 
113.28 
114.55 
116wl6 
117.76 

iiass 

120.31 
120.58 
121.95 
123.76 

B 

W 

Mean.. 

E 

W 

Mean.. 

E 

W 

Mean.. 

E 

W 

Mean.. 

^:::::: 

Mean.. 

E 

W 

Mean.. 

B 

W 

Mean.. 

E 

W 

Mean.. 

E 

W 

Mean.. 

E 

W 

Mean.. 

E 

W 

Mean.. 

E 

W 

Mean.. 

E 

W 

Mean.. 

E 

W 

Mean.. 

1  3508 

Mm.  '  Mm. 
1. 0    

If. 

14.7951 

M. 

J. 

1.3479  ' — 1  R 

P. 

n  T 

0.5 

14.8550 

—1.3494 

T.  KM.  76  and  76a. 

•f  0  0G15 

J. 

+0*  0600  '-^<)  ^ 

P. 

n  R 

0.3 

14.1262 

+0.0608 

T.B.M.77 

—0  7292 

J. 

— o!7302  iJ-O-S 

F. 

1.4 

13.6594 

—0.7297 

T.RM.78and78a. 

0. 5G89 

-4-9  1 

J. 

—0.5648  —2  0 

P. 

1.0 

14.0708 

-0.5668 

+1.5 
-1.6. 

7.2 

*U.aP.B.M.15.. 

+0. 5097 
+0. 5128 

14.0700  1+0.2 

J. 
P. 

0.1 

13.4644 

+  0.6112 

T.B.M.79 

—0  090*2 

_l_A  0 

J. 

0  0948  '-^-  5 

P. 

-0.0950 

.»  i 

1.6 

19  QRHR 

T.  KM.  80  and  80a. 

+0  5100 

J. 

-|-o!5238  |— 2.4 

-f  0.  5214  1 

0  1494  '-*-"•  *^ 

.  .      1 

P. 

T.BwM.81 

1.0 

13.6380 

J. 

-a  1463 

-1.5 

—0.1 
0.0 

P. 

0.0 

13.4156 

—0. 1478 

T.RM.82 

—0. 4223 
-0.4224 

J. 

......i:::::: 

P. 

0.1 

12.6286 

-0.  4224 

T.B.M.88 

0  787'* 

_i_n  0 

J. 

0 ' 7869     "  «  1 

P. 

n4 

0.2 

1 

1 

i 

19  0314 

T.B.H.84and84a. 

—0.  7870 
-fO  303*' 

J. 

4-0  yo25    -i-'l  -1 

P. 

+  0.4 
—0.5 

_n  0 

0.3 

7.4 

12. 7426 

+0.2 

12.7428 

•XT.aP.B.M.16.. 

-f  0.3028 

—0.  ISU'J 
—0.1863 

J. 
P. 

0.6 



1.^  49/)A 

T.RM.86 

— 0. 1W>8 

-(-0  4iH):i 

J. 

+0.48H4    +1.0 
*+0.48W 

To.~ir>H8"  +1.7 

.^0  16J2  17 

-- 

P. 

T.  KM.  86  and  86a. 



1.1 

13.6813 

J. 



P. 

+0. 1605 
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Be9ult9  ofprecUe  leveling — Continued. 
CABKOLLTON,  LA.,  TO  BILOXI,  MISS.— Continued. 


IHJiClL. 

1 

1 

4 

'Sri 

Q 

V. 

Mm. 

+  0.3 
-0.3 

+0.8 
—0.9 

+0.6 
—0.7 

—0.1 
+0.1 

+  2.6 
—2.4 

-1.4 

+  L4 

-H.0 
—1.0 

+0.8 
-0.9 

+1.6 
—1.6 

+0.6 
-0.6 

+0.4 
-0.4 

—0.9 
+0.9 

+  0.4 
-0.3 

-fO.2 
-1-0.2 

r. 

Mm. 
0.2 

B. 

1 

1 

1 

1. 

I| 

i 

T.RILOT 

Km. 
125.42 

128.61 

127.99 

B 

W 

Mean.. 

E 

W 

Mean... 

E 

W 

Mean.. 

if. 

+0.  5981 
+0. 59«7 

Mm. 

Jf. 

14. 1797 

Mm. 

Jf. 

J. 

F. 

0.6 

13.8937 

T.B.H.88 

+0.5084 

—0. 4868 
—0.4851 

J. 

F. 

0.4 

14.3167 

-0.4860 

T.&M.88iaid89a. 

+0. 6224 
+0.6237 

J. 

F. 

0.1 

7.8 

14.2320 

+0.2 

14.2322 

+0. 6230 

•tJ.aP.B.M.17.. 

12a  02 

B 

W 

—0. 0846 
—0.0848 

J. 
F. 

129.77 
1^.81 
132.07 
133.22 

Mean.. 

B 

W 

Mean.. 

E 

W 

Mean.. 

E 

W 

Mean.. 

E 

W 

'  Mean.. 

1.6 

14  8101 

—0.0847 

T.BwlLMandgOa. 

-f0.2909 
+0.2958 

J. 

F. 

0.9 

16.2277 

+0.2934 

T.aM.91 

+0.6190 
+0.  6102 

J 

F 

0.7 

13.6927 

+0.6176 

T.  KM.  92  and  92a. 

—1.  5%0 
—1. 5340 

J. 

y 

0.8 

14.3606 

—1.5350 

T.  KM.  93  and  93a. 

+0.6C70 
+0.6087 

.T. 

Jf 

1.0 

13.8089 

+0.6678 

T.B.H.94 

134.80     E 

—0.  7531 
-0.7501 

J, 

136. 17 
136.61 
137.43 
13&94 
139.09 

W 

Mean.. 

B  

W 

Mean.. 

E 

W 

Mean.. 

E 

W 

Mean.. 

E 

w 

Mean.. 

E 

W 

Mean.. 

F. 

0.4 

1L8269 

-0.7516 

T.RH.95and95a. 

—1. 9825 
-1.9814 

J 

F 

0.3 

7.9 

13.1004 

+0.2 

laiooo 

-1. 9820 

•U.&P.RM.18.. 

+1.4731 
+L  4739 

J. 
F. 

0.6 

.10  1288 

T.B.M.96 

+-1.4735 

—1.4971 
— r.4989 

J 

F. 

0.2 

7.9 

a  6126 

0.0 

a  6126 

F.&p.RJtao... 

-L4980 

—1. 6168 
-1. 6161 

F. 

0.1 

7.9 

a  1880 

0.0 

a  1680 

-1. 6164 

•u.ap.B.M:i».. 

—0. 3447 
—0.3443 

K. 

F 

-0.3446 
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Betults  of  precise  leveling — Continxied. 
CAKROLLTON,  LA.,  TO  BILOXI,  MISS.-^ontinaed. 


Bench. 

1 

Q 

V. 

r. 

R. 

1 

1 

i 

1 

6 

1 

U.8.P.&M.2I... 

Km. 
140.02 

140.06 

E 

W 

E 

W 

Mean.. 

E 

W 

Mean.. 

If. 

-1.8027 
— I.HOIO 

Jfm. 

-fl.4 
—0.3 

Mm. 
0.5 

Mm. 

8.0 

M. 
6. 7112 

Mm. 
—0.1 

If. 

6.7111 

J. 
F. 

—1.7093  1—2.0 

E. 

—1. 8022 

-hO.9 

+0.4 
—0.4 

P. 

0.8 

8.0 

6.9502 

-4).l 

&8501 

-1.8013 

8-foot  mark  of  tide- 
gaageatBilozi. 

"+0.'2380' 
+0.2394 

F. 

F. 

+0.2390 

GBAFTON.  ILL.,  TO  CAIRO,  ILL. 


n.s.p.&M.i.... 

134.5098 
133. 6286 

+0.3 

134.6101 

T.B.M.4 

0.06 
0.43 

0.66 

N 

8 

Mean.. 

8 

N 

8 

N 

N 

8 

N 

8 

Mean.. 

8 

N 

Mean.. 

-0.8814  +0.2 
-0.8811    -0.1 
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Results  of  precise  leveling — Continued. 
GRAFTON,  ILL.,  TO  CAIRO,  ILL.— Continued. 
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Se$ulta  of  preoiM  leveliiig—CoBiinTied. 
GRAFTON,  ILL.,  TO  CAIRO,  ILL.-<)ontimied. 
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Bnulta  of  precUe  I^mKh^— Continued. 
6BAFT0K,  ILL..  TO  CAIRO,  ILL.-Contina6d. 
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APPENDIX   T  T REPORT  OP  MISSISSIPPI  RIVER  COMMISSION. 

BenUU  ofpndae  levelimg — Continned. 
XBOKUZ,  IOWA,  TO  GRAFTON,  ILL.— Contiiraed. 


2503 


-- 

i 

5 

4 

U 

p 

V. 

r. 

«■ 

! 

j 

6 

j 

T.KM.39 

Km, 

77.80 

79.49 

80.98 

64.18 

88.96 

88.97 

88.90 

88.90 

8&90 
89.12 

88L12 

9a  86 

9a  30 

90.29 
92.51 

94.81 

s 

N 

Meu.. 

S 

K 

Mean.. 

8 

N 

Mean.. 

8 

K 

Mean.. 

8   

N 

Mean.. 

8 

N 

Mean.. 

8 

N 

Mean.. 

8 

N 

Moan.. 

m. 

+0.0094 
•f  0.0005 

Jfm. 

0.0 

—0.1 

— a4 

+3.8 

—2.1 
+2.1 

+0.2 
-0.1 

+1.8 
—1.4 

+1.4 
— L8 

+1.1 
—LI 

—0.1 

+a2 

Hm. 

0.0 

Mm. 

M. 

148.4021 

Jfm. 

M. 

J. 

P. 

2.2 

148.7463 

+0.0094 

T.B.1L40 

+0.2570 
+0.2500 

J. 

F. 

L4 

a9 

148.7507 

+0.1 

14a  7608 

+0.2542 

V.&P.RM.15... 

+1.0065 
+1.0023 

J. 

F, 

0.1 

14a 5141 

+1.0044 

T.B.1L44 

-^.2308 
-0.2365 

J. 

F. 

ao 

148.7839 

TLB.  11.47 

-0.2366 

—0.7815 
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Bench. 
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J. 

F. 
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U.S.P.B.M.18... 
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LI 

147.3750 
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F. 
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+4. 1814 

J. 

F. 
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J. 
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149.3996 
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— O.ftJSl 
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J. 

F. 
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143.8146 

—  L8160 

T.B.M114      .... 

+  2.9823 
+  2.9789 

+  2.9806 

J. 

P. 

141. 2153 
14L0010 
14L6910 

• 

•H.  W.,  1878,  at 

•H.W..April,  1881, 

at  Bambare,  111. 

•U.S.P.B.M.84-. 

-2.0993 
—  2.3136 

J. 

J. 

+0.8 
-0.8 

—1.0 
+1.1 

+1.8 
—1.8 

—2.3 
+2.4 

—0.8 
+  1.8 
-0.9 

+1.2 
-1.2 

—LI 
+1.1 

0.5 

9.4 

0.0 

14L  6910 

—  L6244 
-1.6228 

J. 
P. 

0.7 

14&2884 

-  1.6236 

T.RM.115 

+  4.9698 
+  4.9677 

J. 

p. 

1.2 

138.4478 

+  4.9688 

T.  B.  M.  116 

—  9. 8379 

—  9.8343 

J. 

P. 

1.6 

9.6 

139. 9151 

0.0 

139L9161 

-9.8361 

U.&P.B.M85... 

+  1.4701 
+  1.46.54 

J. 

P. 

0.6 

140.8893 

+  1.4678 

T.B  M.119. 

+  0.4750 
+-  0.4724 
+  0.4751 

J. 

P. 
p. 

0.8 

9.6 

189.6604 

ao 

139L6604 

+  0.4742 

n.S.P.aM.86... 

—  0. 7301 

—  0.7277 

J. 
P. 

0.7 

138.6312 

—  0.7289 

T.BwM.128 

—  1. 0281 

-  1.0303 

J. 

i. 

—  1.0292 
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Bench. 

1 

1 

6 

h 

V. 

r, 

B. 

3 

I 

1 

O 

1L&1C.124 

Km. 
187.26 

187.92 
180L28 
18B.9Q 
191.85 
192.72 
194.10 
19S.45 
196L96 
190.97 
1S7.98 
300.00 

2oan 

SOL  87 

8 

N 

8 

K 

Mean.. 

8 

N 

Mma.. 

8 

N 

Hmh.. 

8 

K 

Mean.. 

8 

N 

Mean.. 

8 

N   

Moan.. 

8 

N 

Mean.. 

S 

N 

Mean.. 

8 

N 

Mean.. 

8 

N 

Mean.. 

8 

N 

Mean.. 

8 

N 

Mean.. 

8 

N 

Mean.. 

8 

N 

Mean.. 

+  a  6818 
+  0.67a 
+  0.6707 
+  0.6760 

Mm, 
-4.4 

+3.1 
+0.7 
+1.4 

+0.9 
— LO 

—0.6 
+  0.6 

—0.2 
+0.2 

+0.1 
-0.2 

+0.4 
-0.4 

—2.2 
+2.2 

-0.1 
+0.1 

-L3 
+1.3 

+0.3 
-0.4 

-L2 
+1.1 

+0.9 
-0.9 

Mm 
1.0 

Mm. 

M. 
1S9.8086 

Mm 

M. 

J. 

P. 

J. 

F. 

0.6 

9.7 

189.6688 

0.0 

180.6688 

+  0.6774 

IT.aP.&M.87... 

4-  0.2.993 
+  0.2612 

P. 
P. 

L7 

138.4612 

+  0.2003 

T.&1C.IS5 

—  1. 1051 

-  1.1102 

J. 

P. 

0.8 

18&8230 

—  L1076 

T.RM.19ff 

—  0.1387 

—  0.1377 

—  0.1882 

J. 

P. 

0.4 

187.8416 

T.K1C127 

—  0.4608 

—  0.4830 

J. 

P. 

0.1 

143.5605 

-0.4814 

T.&M.128 

+  5.7101 
+  6l7I87 

J. 

F 

0.1 

188.2817 

+  5.7189 

T.R1I.1S9, 

—  6i2789 

—  5.2786 

J. 

P. 

0.8 

9.9 

138.7069 

0.0 

18&7069 

—  5.27S8 

IT.&P.&1188... 

+  0.4248 
^  0.4256 

J. 
P. 

L6 

138L9851 

+  0.4252 

T.RlLiaO 

+  0.2804 
+  0  2760 

J. 

P. 

ai 

10.0 

189.6747 

ao 

189.9747 

+  0.2782 

•ir.&P.&M.88.. 

+  0.5897 
+  0.5885 

J. 
P. 

0.9 

189.7949 

+  0.5896 

T.R111S1 

+  a  8111 
+  0.8084 

J. 

P. 

0.3 

13a6383 

+  0.8098 

T.fkH.m 

—  L1569 

—  1.1562 

—  1.1566 

J. 

P. 

0.8 

10.1 

188L6S51 

0.0 

188.6851 

TX,aP.Klt40... 

—  0.0020 

—  0.0043 

J. 

ao 

137.9925 

-aoo32 

URILUS 

-0.6435 
—  0.6417 

J. 

p. 

—  0.6426 
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Bench. 

1 

1 

i 

V. 

Mm. 
— L5 

+  1.4 

-4.8 
+2.2 
+1.9 
+0.9 

+0.4 
—0.4 

-0.1 
+0.1 

-2.0 
+  1.6 
+1.4 

+1.2 
—1.2 

—3.9 
+1.0 
+  1.5 
+1.6 

+0.4 
—0.4 

—3.8 
+4.4 
—1.0 
+0.3 

—3.8 
+  1.7 
+  1.2 
+0.8 

—1.7 
+1.6 

+0.1 

ao 

r. 

B. 

1 

1 

1 

S 

T.B.K.135 

Km, 
204.01 

205.02 

205.04 
208.74 
207.62 

209.24 
200.03 

2iaoo 

2U.62 

212.41 

214.52 
214.53 

8 

N 

Mean.. 

S 

N 

K 

S 

Mean.. 

%::::::: 

Mean.. 

S 

N 

Mean.. 

8 

N   

S 

Mean.. 

8 

K 

Mean.. 

8 

N 

8 

N   

Mean.. 

8 

N 

Mean.. 

8 

N 

8 

K 

Mean.. 

8 

K 

N 

8 

Mean.. 

8 

N 

Mean.. 

8 

N 

Mean.. 

M. 

-0.8827 
-0.8856 

Mm, 
LO 

Mm, 

M. 
137.0083 

Mm. 

M. 

J. 

P. 

1.1 

14L8005 

-0.8042 

T.B.K.1S6 

+  4.2870 
+  4.2800 
+  4. 2003 
+  4.2913 

J. 

P. 

P. 

J. 

0.8 

10.2 

141.9651 

0.0 

141.0651 

+  4.2022 

•TJ.aP.RM.41.. 

+  0.5742 
+  0.  6730 

J. 
P. 

0.1 

184.4946 

+  0.5746 

T.B.M.187 

-6.8058 
—  6.8860 

J. 

P. 

LO 

138.7501 

-  6.8950 

T.B.M.1S8 

+  4.2674 
+  4.2620 
+  4.26ai 

J. 

F. 

^ 

J. 

0.8 

187.2787 

+  4.2645 

T.B.M189 

—  1.4816 

—  L  4792 

J, 

P. 

0.0 

134.7421 

—  1.4804 

T,  B.  M.  140  . 

—2.6327 
—2. 5376 
—2.6381 
—2.5382 

J 

P. 

J. 

P 

0.3 

10.3 

141.0863 

ao 

14L0868 

—2.5366 

•n.S.P.B.M.42.. 

+6.3438 
+6.3446 

P. 
P. 

1.2 

184.8508 

+6.3442 

X.B.M.141 

+0.1215 
+0.1133 
+0. 1187 
h  0.1174 

J. 

P. 

J 

P. 

0.8 

184.0381 

+0. 1177 

T.RM141i 

-0.8184 
—0.8234 
-0.8229 
-0.8220 

J. 

P. 

J. 

J. 

1.1 

137.8931 

-0.8217 

T.B.M148 

+.1.3667 
+3.3534 

J. 

P. 

0.0 

las 

188.9008 

ao 

isaooos 

+3.3550 

nT.aP.B.M.48.. 

+1.5071 
+1.5072 

J. 

P 

+L6072 
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Bmeh. 

1 

s 

i  ^ 
S 

V. 

r. 

B. 

i 

1 

V 

j 

T.ail.145 

Km. 

217.02 

217.53 
217.54 
21ft  65 
222.15 
222.48 
222.40 
224.47 
226L85 
22a  84 
229.14 
230.23 
230.24 
231.82 
281.80 

s 

N 

•  Mean.. 

S 

N 

Mean.. 

S 

N 

Mean. 

8 

N 

Mean.. 

S 

N 

Mean.. 

S 

N 

Mean.. 

S 

N 

Mean.. 

S 

N 

Mean.. 

S 

N 

Mean.. 

8 

K 

Mean.. 

8 

N 

Mean.. 

8 

N 

'   Mean.. 

8 

N 

Mean.. 

8 

N 

Mean.. 

.   If. 

—3.7711 
-8.7721 

Mm, 

—0.5 
+0.5 

-0.1 
+0.2 

0.0 
0.1 

0.0 
-0.1 

-0.7 
+0.6 

-0.3 
+0.3 

—0.1 
0.0 

+0.8 
—0.9 

+28 
-2.3 

-0.1 
+0.1 

-LO 
+1.0 

+2.1 
-20 

+0.3 

-2.9 
+29 

Mm. 

0.3 

Mm. 

M. 
133  6215 

Mm. 

M. 

J. 

p. 

0.1 

136.2511 

—3.7716 

T.B.1L146 

+2.6297 
+2.6294 

J. 

0.0 
0.0 

10.5 

13a77.')5 

ao 

138.7755 

+2  6296 

•U.&P.RM.44.. 

+2.5244 
+2  6245 

J. 

135.9595 

+2  5244 

T.B.1L148 

—0.2916 
—0.2915 

J. 

P. 

0.4 

135.6863 
135.8871 

—0.2916 

T.  Bill.  160 

-0.3725 
—0.8738 

J. 

P. 

0.2 

—0.3732 

T.&M.15i 

—0. 1989 
—0.1995 

J. 

P. 

0,0 

10.5 

187. 0148 

0.0 

137.0149 

-0.1992 

*xr.ap.RM.45.. 

+1.6279 
+1.6.!78 

J. 
P. 

0.6 

136wl271 

+  1.6278 

T.B.1L1JS2 

—0.2608 
—0.2501 

J. 

P. 

1.5 

133.2497 

-0.2600 

T.RM.158 

-L8797 
-1.8751 

J. 

P. 

0.1 

10.6 

144. 6n4 

+0L 

144.6715 

—1.8774 

•TT.&P.aM.46.. 

+11.4218 
+11.4216 

J. 
J. 

0.7 

133.8581 

+11.4217 

T.&M.lfi5 

+0.6094 
+0.6074 

J. 

F. 

1.4 

137.4281 

+0.6084 

T.B.ltl56 

+  3.5679 
+3.5730 

J. 

F. 

0.2 

10.7 

137.8355 

ao 

137.8356 

+3. 5700 

•U.BLP.B.lt47.. 

+0.4071 
+0. 4078 

J. 
P. 

L9 

18&2510 

+0.4074 

T.R1L1W 

—1.1733 
— L1791 

J. 

P. 

13&6445 

-1.1762 

*E.W.,  spring  of 

-0.6074 

P. 

IttL 
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Bench. 

j 

Differenccof  ele- 
vation. 

V. 

Mm. 
1.3 

B. 

1 

o 

1 

1- 

1 

T.BLlC.168 

Km. 
283.88 

238.10 

287.21 

230.80 

288.49 

280.85 

240.03 

24L36 
242.17 

8 

N 

Mean.. 

8 

K 

Mean.. 

8 

K 

Mean.. 

8 

N 

Mean.. 

8 

N 

8 

K 

Mean.. 

8 

N 

N 

8 

Mean.. 

8 

N 

Mean.. 

jr. 

—0.6612 
— 0.8572 

If  in. 

+2.  0 
—2.0 

—0.2 

Mm, 

M. 

135.5027 

Mm. 

Jf. 

J. 

F. 

0.2 

136.4027 

-0.6502 

T.aiLieo 

+0.8102 

J. 

+  0.8007    -10.3 

F. 

+0.7 
—0.8 

+2.0 
-3,0 

-0.6 
+0.8 
-1.1 
+L0 

-4.8 

+5  6 
-+7.8 
-8.2 

+0.1 
—0.1 

0.6 

138.7283 

+0.8100 

T.B.M.161 

—2.6801 
—2.6786 

J. 

B. 

2.0 

1L2 

134.5085 

0.0 

134.5035 

—1.6794 

U.  8.  P.  B.  M.  1 
(Grafton). 

+0.77T3 
+0.7832 

J. 
F. 

0.3 

180.0237 

+  0.7802 

Bod  SUUonl 

—8. 6792 
—3.5806 
—3. 5787 
—3.6608 

J. 

F. 

B. 

IL 

2.7 

131.0121 

—3.5708 

Bod  Station  2 

+0.0828 
+0.08U0 
+0.0976 

J. 

(crossing  Illi- 

J. 

nois  Biver). 

F. 

F. 

0.1 

1L6 

136.3620 

0.0 

18&8620 

+0.0884 

TJ.  R.  P.  n.  M.  2 
(Gralton). 

+5. 3498 
+5.8500 

J. 
B. 

136.3105 

+  5.3499 

*H.  W.,  Aprfl,1881 

—0. 0425 

y 

8 

N 

Mean.. 

8 

K 

Mean.. 

—0.6 
+0.5 

0.4 

1L6 

1 138. 8116 

u.  a  P.  B.  M.  8 
(Grafton). 

+2  9502 
+2.0491 

F. 
B. 

a2 

134.7258 

+2.0406 

♦P.B.M.06ofCap. 

—4. 7040 

■4-0.2 

P. 

tain  Mackenzie. 

—4.7035  -1^3 

F. 

B ef 0 r red  to 

Mackenzie  B.  M. 

-4.7038 

Elevation,  Mackenzie  B.  M.,  139. 4206.    8ee  paii^e  — . 

tThe  olc.vation  of  U.  a  P.  B.  M.  8,  as  given  on  |>age  — ,  is  taken  as  the  InitUl  Hevation  for  all  points 
north  of  Grafton.  This  bench-raark  is  on  the  Catholic  church  st'  ps,  and  is  believed  to  be  more  likely 
to  have  remained  nndistnibed  than  U.  8  P.  B  M.'s  1  and  2.  which  are  stone  posts  set  in  the  croand. 
The  discrepancy  between  the  determinations  of  difference  of  elevaliona  of  IT.  8.  P.  K  M.  1  and  ST  made 
in  1880 and  1881.  is 6.6— ,  thatof  1881  beingthe  larger. 
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BetuUs  of  predte  leveUnff—ConihmeA, 

XXOKUK,  IOWA,  TO  FULTON.  ILL. 

rBenoh-marka  marked  with  an  aateriak  are  not  in  the  main  line.] 


IT.  &  P.  &  M.  a, 

Xedkak. 
U.  a  P.  BL  ]£  S^ 

Keokuk. 


r.  a  P.  K  ]£  1, 
Keoknk. 


T.B.M.1. 


T.aM.2 


r.ap.aM.1 


*ANorihb»ae 

(Wiaimineim'a). 

T.RM.S 


T.RM.5a]id5a. 


T.&lLe.. 


T.aiL7., 


T.BL1L8.. 


r.ap.&M.s.... 


X.P.&9aiid9a. 


Mm. 


ao 


L70 


3.U 


3.68 


4.18 
6L07 


&M 


iafi7 


11.76 


12.20 


IS.  08 


£808  BN- 


Mean. 


Mean. 


N. . 
N.  . 
8... 
8... 


Mean. 


^Mean. 


Mean. 


Mean. 


Mean. 


Mean. 


Mean. 


-4.6875 
—4.6377 


—0.1 
+0.1 


.6376 


B.2^S0 


L2155 


+L7737 
+L7626 
+1.7767 
+L7778 


+L77T7 


—0.0017 
-0.0941 


-0.00C8 


.6 
,1 
+0.2 
+2.6 


t.0042 


+0.7318 
+0.7830 
+0.73U 
+0.7334 


+L3 
+0.1 
— L3 
.3 


+a7331 


+0.1886 


+L5766 
+LS766 
+1. 5766 
+L5810 


+1.5777 


— 1. 1219 
— L1262 
— L 1210 
—1.1216 


— L1227 


+L6958 
+Le952 


+L6958 


+3.3322 
+3.8851 


+3.8336 


— L18S5 
— L1853 


— L1854 


-2.8647 
—2.8612 


L8629 


+4.6463 
+4. 6470 


+4.< 


V. 


Jfm. 


+0.4 
14 


.0 
.9 

+L0 
.1 


+1.1 
+1.1 
+0.9 
^3 


+3.5 
— L7 
—1.1 


0.0 
+0.1 


+1.4 
—1.5 


+0.1 
\1 


+1.8 
—1.7 


+0.6 
-.7 


Mm. 


0.1 


0.8 


1.2 


0.7 


0.4 


0.0 
0.7 


0.8 


0.0 


1.0 


0.1 


L2 


0.4 


Mm. 


0.8 


L5 


2L4 


16&3147 


15&2205 


168.9686 


+0.1 


156L0922 
160.5818 


150.4066 


16L1089 


164.4875 


168.2521 


16a  8892 


16&6861 


Mm. 


+0.1 


+0.1 


M. 
161.8901 

156.7625 


156.5870 
(See  re- 
port 848.) 


158.9587 


150.0923 


160.  £ 
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Benoh. 

j 

1 

4 

V. 

r. 

B. 

i 

3 

5 

1 

i 

X.B.1L10 

Km. 

l&Ol 
17.72 

17.  M 
1&48 

19L81 

20.05 
21.05 
28L08 
24.50 
25.44 
20160 
27.50 
28.M 

K 

8 

HMD.. 

TS 

If 

8 

If 

N 

Mean.. 

8 

K 

Mean.. 

8 

N 

Mean.. 

K 

8 

Mean.. 

8 

N 

Mean.. 

N 

8 

Mean.. 

K 

S 

Mean.. 

8 

N 

Mean.. 

8 

K 

Mean.. 

8 

N 

Mean.. 

8 

N 

Mean.. 

8 

N 

Mean.. 

jr. 

+a755B 
+0.7534 

Jfm. 
-0.9 
+L0 

Mm. 

0.0 

Mm. 

Jf. 

10&2906 

Mm. 

M. 

P. 
P. 

P. 

P. 
P. 
P. 
F. 

P. 
P. 

P. 

P. 

P. 
P. 

P. 
P. 

P. 
P. 

P. 
P. 

P. 
P. 

P. 
P. 

P. 
P. 

P. 

^- 

P. 
P. 

F 

F 

100.0495 
182.4503 

-1-0.7544 

—7.2410 

&: 

+0.5 
+2.8 

-1.0 
+1.0 

—0.4 
+0.4 

-1.4 
+1.5 

+0.8 
—0.8 

+1.5 
— L4 

-0.4 
+0.4 

-1.7 
+1.0 

0.0 

-ai 

+0.8 
-0.3 

—0.8 
+0.7 

+1.3 
— L4 

LO 

T.B.  ILU 

-4L8415 
-^.8301 
-8.8407 
-8.8425 

,T 

J 

,T 

,T 

0.7 

2.8 

107.7480 

+a8 

107.7488 

-4L8402 

*TT.&P.B.1L8.. 

+5.2990 
+&2970 

J. 

F 

as 

183.1878 

+.&298e 
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DKSCBIFTION  OF  PERMANENT  BENCH-MARKS  BETWEEN  CARROLLTON,  LA.,  AND  BILOXI 

HOBS. 

U.  8.  C.  S.  B.  M.  No.  1  is  a  small  etoas  (+)  ont  on  iron  sill  of  walled-np  door,  near 
uortliTrest  comer  of  seveuth  district  Babcook  ensrine-honse,  Cairollton,  La.  Eleva* 
lion,  9»  0272. 

Haxpson  Bench  (Williams).— The  old  Hampson  Bench  is  a  spike  in  N.  W.  comet 
of  N.  O.  and  C.  R.  R.  maohine-shop  at  CarroUton,  La.  It  is  ^between  the  19th  and 
20th  ooarses  of  bricks  below  the  window-sill,  and  abont  six  inches  (C)  below  the  sor- 
faoe  of  the  ground.    Elevation,  8».8292. 

Hampson  Bench  (Re-eBiablUhed  hjf  Major  Howell)  is  a  spike  in  the  N.  W.  comer  of 
N.  O.  and  C.  R.  R.  machine-shop  at  CarroUton,  La.  It  is  between  the  2l8t  and  22d 
eonrses  of  brick  below  the  window-sill.    Elevation,  8™.655L. 

B.  M.  3  {Bipleif,  1875)  is  the  top  of  a  broken  spike  driven  into  the  north  face  of  the 
car-honse  of  the  N.  O.  and  C.  R.  R.  It  is  two  feet  (2M  west  of  west  side  of  door,  on  a 
level  with  the  course  of  bricks  npon  which  the  door-sill  rests.    Elevation,  9'".7752. 

B.  M.  4  {Sipley,  1875)  is  the  top  of  a  ship-spike  driven  in  the  north  side  of  the 
machine-shop  of  the  N.  O.  and  C.  R.  R.,  0.2  ft.  from  N.  W.  comer.  The  spike  is 
driven  between  the  bricks,  37  courses  from  top  of  window  casing.    Elevation,  9».5181. 

B.  M.  5  {Bumeiff  1875),  is  mark  ,.  A      ^at  on  the  west  end  of  iron  sill  of  the 

U.  S.  £. 
north  door  of  the  N.  O.  and  C.  R.  R.  depot.    Elevation  9».0303. 

U.  8.  P.  B.  M.  '*  Carrollton  "  is  the  center  of  small  hole  in  center  of  copper  bolt, 
leaded  horizontally  in  north  face  of  masonry  of  northwest  comer  pillar  of  old  court- 
house, at  Carrollton,  La.    The  bolt  is  in  the  middle,  abont  0.03  ft.  from  water  table 

US 
of  pHlar  and  abont  2.5  ft.  above  the  ground.    The  letters      O       a^  cut  near  the 

bolt    Elevation,  9B.1478. 

Cnr  B.  M.  X  X  Stone  is  top  of  granite  marking  stone  set  in  ground,  in  line  of  trees, 
on  the  west  aide  of  Carrollton  ave.,  about  half-way  between  3d  st.  and  Zimple  st., 

X  X  M  B 

CaKTonton,  La.,   The  stone  is  marked  thus:  ^  The  mark  +  denotes  the 

1874. 

point  where  the  rod  was  held.    Elevation,  7™. 7655. 

CiTT  Stone  (comer  Washington  and  Carrollton  avenues).  This  stone  is  set  at  south- 
east comer  of  crossing  of  Washington  and  Carrollton  avenues,  near  New  Orleans,  La. 
Elevation,  7».76:». 

U.  8.  P.  B.  M.  1  is  a  copper  bolt  leaded  vertically  in  the  top  of  the  northwest  por- 
tion of  draw-pier  of  bridge,  called  the  '*  White  Bridge,"  crossing  the  new  canal,  on 
the  Carrollton  road,  near  New  Orieans,  La.    Elevation,  6">.  9402. 

City  Stone  ''Halfway  House"  is  a  granite  marking-stone  set  in  ground  on  west  side 
of  navigable  canal  (New  Basin),  near  Metairie  Ridge  Bridge,  between  the  Halfway 
House  and  the  gate  to  Metairie  Cemetery.  It  is  said  to  be  the  line-stone  of  the  Or- 
leans and  Metairie  Parishes  of  New  Orleans,  La.  The  stone  is  marked  on  top  with  a 
croaa.    Elevation,  7».9870. 

Benph-mark  "Height  of  Metairie  Ridge"  is  a  granite  marking-stone  set  in  ground 
12  fi.  southeast  from  southeast  abutment  of  Lake  Bridge^  on  east  side  of  canal  (New 
Baain).    The  bridge  crosses  tiie  canal  (New  Basin)  opposite  Toney's  House,  West  End, 

BENCHMARK 

HEIGHT  OF 


near  New  Orleans,  La.    The  top  of  the  stone  is  8''  x  13'',  and  is  marked 


METAIRIE 
RIDGE. 


Elevation,  7™.  6753. 

Bench-mark  (near  Lake  House,  West  End,  La.).  This  bench-mark  is  the  top  of  a 
stone,  set  in  ground  between  the  Lake  House  and  Toney's  House.  It  is  on  line  with 
front  fence  of  Toney's  House.  160  ft.  from  center  of  canal  and  about  30  ft.  from  road, 
croflsing  the  canal  on  the  Lake  Bridge,  at  West  End,  near  New  Orleans,  La.  Eleva- 
tion, 7».  1244. 

U.  S.  P.  B.  M.  2  is  the  center  of  a  copper  bolt  leaded  horizontally  in  the  northwest 
fkce  of  the  south  one  of  two  brick  abutments,  at  northwest  end  of  draw-bridge  across 

theBayonSt.  John,  on  the  Esplanade  Road,  Now  Orleans,  La.    The  letters      0     are 

P  B  M 
cut  near  the  bolt.    Elevation  9».1593. 
U.  S.  P.  B.  M.  3  is  center  of  copper  bolt  leaded  horizontally  in  the  east  face  of  mid- 
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die  brick  gate-post  of  Gentillv  gate  on  east  side  of  Fair  GronndB,  New  Orleans,  La. 
The  bolt  is  leaded  in  the  middle  brick  of  the  fifth  (5tb)  course  above  the  surface  of  the 
ground.    The  letters  U0S  are  cut  near  the  bolt.    Elevation,  7"^.6746. 

U.  S.  P.  B.  M.  4  is  the  center  of  a  copper  bolt  leaded  horizontally  in  wall  of  Fort 
Macomb,  Chef  Menteur,  La.,  on  right-hand  side  (as  you  go  in)  of  entrance.    There  is 

U  S 
a  moat  around  the  wall.  The  letters  18G)82  are  cut  about  the  bolt.  Elevation,  8^.5427. 

PBM 
U.  S.  P.  B.  M.  5  is  a  copper  bolt  leaded  vertically  near  center  of  old  draw-bridee 

Sier,  Just  north  of  irou  truss  bridge  over  the  Rigolets,  near  Rigolets  Station,  on  m€ 
\  O.  and  M.  R.  R.^  La.    Elevation,  6<°.9509. 

U.  S.  P.  B.  M.  6  IS  a  copper  bolt  leaded  in  top  of  marking-stone  set  to  within  0.25 
ft.  of  its  top,  in  high  point  of  ground  just  east  of  East  Pearl  River,  in  Miss.  •  It  is  200 
meters  east  of  the  eastern  pier  of  iron  truss  bridge  over  the  East  Pearl  River,  on  the 
N.  O.  and  M.  R.  R.,  and  27.2  meters  south  of  the  center  of  main  railroad  track,  by 
fence  in  front  of  land  of  Mrs.  Sarah  Selph.    Elevation,  9>°.5649. 

U.  S.  P.  B.  M.  7  is  center  of  cross-cut  in  top  of  marking-stone,  marked  U.  S.,  set  in 
ground  Just  north  of  north  fence  of  house  lot  of  Pat.  Ferrtl,  near  Claiborne  Station, 
on  N.  O.  and  M.  R.  R.,  Miss.  It  is  18  meters  south  of  center  of  main  track,  12  meters 
east  of  east  end  of  station -house,  and  36  meters  west  of  west  end  of  wood-shed  of 
N.  O.  and  M.  R.  R. ;  the  distances,  12  meters  and  36  meters,  being  measured  parallel 
to  railroad  track.    Elevation,  7™.6028.       ^ 

U.  S.  P.  B.  M.  8  is  top  of  markinc-stone,  marked  If.  S.,  set  in  sround  in  northwest 
comer  of  small  yard,  in  front  of  large  yard,  on  which  the  section-house  at  Toulm^ 
Station,  N.  O.  and  M.  R.  R.,  Miss.,  is  situated.  Stone  is  about  10  meters  south  of 
center  of  main  track.    Elevation,  9"'.2944. 

U.  S.  P.  B.  M.  9  is  top  of  marking-stone,  marked  U.  S.,  set  within  the  southeast 
comerof  fence  surrounding  the  land  of  Henderson  Winfield,  near  Waveland  Station, 
N.  O.  and  M.  R.  R.,  Miss.  The  corner  is  at  the  intersection  of  Waveland  road  and 
lane,  between  the  lands  of  Mr.  Shaw  and  Mr.  Wiofield.  Stone  is  about  2St  meters  fh>m 
southwest  comer  of  station-house.    Elevation,  IV^SiGO^. 

n.  S.  P.  B.  M.  10  is  center  of  copper  bolt  leaded  horizontallv  in  face  of  southern 
brick  wall  of  vestibule  of  Catholic  church  at  Bay  Saint  Louis  ^Shieldsboro*),  Miss.  It 
is  about  half  way  between  side  entrance  of  vestibule  and  main  front  wall,  and  about 
1  meter  above  the  g^und.    Elevation,  13™.5133. 

U.  S.  P.  B.  M.  11  is  a  copper  bolt  leaded  in  top  of  marking-stone,  marked  U.  S., 
set  in  ground,  by  fence,  and  near  northeast  comer  of  fence  of  southwest  plot  of  land, 
at  intersection  of  N.  O.  and  M.  R.  R.  track  and  Front  street,  Bay  Saint  Louis,  Miss. 
It  is  about  12  meters  south  of  center  of  track,  and  514  meters  west  of  west  end  of 
bridge  over  Bay  St.  Louis.    Elevation,  12™.8623. 

U.  S.  P.  B.  M.  12  is  copper  bolt  leaded  in  top  of  marking-stone,  marked  U.  S.,Bet 
in  ground  witiiin  northwest  corner  of  fence  surrounding  plot  of  ground  on  which 
the  tool-house  of  N.  O.  and  M  R.  R.  section-house  No.  9  is  situated,  at  Henderson's 
Point,  Miss.  Stone  is  about  32  meters  west  of  west  side  of  house,  and  8  meters  south 
of  center  of  track.    Elevation,  9'".3391. 

U.  S.  P.  B.  M.  13  is  copper  bolt  leaded  in  top  of  marking-stone,  marked  U.  S.,  set  in 
ground  between  pump-house  and  water-tank  at  Pass  Christian  Station,  N.  O.  and  M. 
K.  R. ,  Miss.  It  is  a  little  inside  of  north  line  of  pump-house  and  tank,  and  about  3  meters 
from  west  side  of  pump-house.  Pamp-house  is  about  9  meters  south  of  track.  Ele- 
vation, 9".7359. 

U.  S.  P.  B.  M.  14  is  top  of  copper  bolt  leaded  in  top  of  marking-stone  set  in  ground 
directly  opposite  the  New  Orleans  62-mile  post  and  8  meters  north  of  center  of  track 
of  N.  0.  and  M.  R.  R.   Elevation,  15"».7654. 

U.  S.  P.  B.  M.  15  istop  of  marking-stone  set  in  ground  24  meters  north  of  center  of  track, 
about  873  meters  east  of  New  Orleans  65-mile  post,  and  about  639  meters  west  of  New 
Orleans  66-mile  post,  on  the  N.  O.  and  M.  R.  R.  Three  pine  trees,  each  marked  with 
five  narrow  blazes,  are  near  the  stone.     Elevation,  14°*.  0708. 

U.  S.  P.  B.  M.  16  is  center  of  copper  bolt,  leaded  horizontally  in  center  of  fifth  (5th) 
brick  of  the  fifteenth  (15th)  course  above  water-table,  in  tiie  west  wall  of  Jail  at 
Mississippi  City,  Miss.    The  bricks  are  counted  from  northwest  comer  of  building.  It 

U  S 
is  marked    Q        Elevation,  12^.7428. 
B  M 

U.  S.  P.  B.  M.  17  is  copper  bolt  leaded  in  top  of  marking-stone  set  in  ground  near 
west  end  of  depot  platform,  and  II  meters  south  of  center  of  track  at  B^auvoir  Sta- 
tion, N.  O.  &  M.  R.  R.,  Miss.    Elevation,  14".2322. 

U.  S.  P.  B.  M.  18  is  center  of  copper  bolt  leaded  horizontally  in  center  of  second  (2nd) 
brick  of  the  fourteenth  (14th)  course  above  sidewalk,  in  east  wall,  near  southeast 
comer  of  brick  building  on  southwest  corner  of  Back  Bay  road  (or  Mule  street)  and 
Jackson  street,  Bilozi,  Miss.    Elevation,  13™.1006. 


APPENDIX   T  T — REPORT  OF  MISSISSIPPI  RIVER  COMMISSION.      2537 

U.  S.  P.  B.  M.  19  is  copper  bolt  leaded  in  top  of  marking-atone  marked  U.  S.,  set 
in  gronnd  30  meters  sontn  of  center  of  track  and  255  meters  west  from  west  end  of 
Biloxi  Bay  bridge,  on  the  N.  O.  &  M.  R.  R.  Pine  trees  near  the  stone  are  marked 
with  five  narrow  blazes.    Elevation,  ^.1680. 

U.  8.  P.  B.  M.  20  is  copper  bolt  leaded  in  top  of  marking-stone  marked  U.  8..  set  in 
noand  4  meters  north  of  center  of  track  and  114  meters  west  from  west  end  ot  Biloxi 
Bay  bridge,  on  the  N.  O.  &  M.  R.  R.    Elevation,  8°'.5125. 

U.  8.  P.  B.  M.  21  is  top  of  copper  bolt  leaded  in  northern  portion  of  concrete  draw- 
bridge pier  of  Biloxi  Bay  bridge,  on  the  N.  O.  &  M.  R.  R.  The  bolt  is  set  abont  half 
way  between  cog-wheel  and  extreme  north  point  of  iron  casing  of  concrete.  Letters 
U.  S.  cat  near  the  bolt.    Elevation,  O'a.nil. 

DS8CSZF110N  OF  PSRMANKNT  BENCH- JftARKS  BBTWXBN  QBA.FTOK,  ILL.,  AND  CAIBO,  ILL. 

U.  8.  P.  B.  M.  1  Ib  copper  bolt  in  top  of  stone  in  ground  in  woods  on  Calhoun 
Point,  at  month  of  Illinois  River.  It  is  60  meters  from  edge  of  woods  on  Illinois 
River,  and  150  meters  from  edge  of  woods  on  Mississippi  River.    Elevation,  134^.5101. 

U.  o.  P.  B.  M.  2  is  top  of  copper  bolt  in  top  of  stone  in  ground  in  woods  at  month  of 
Blinois  River  on  left  bank,  157  meters  back  from  river,  4  meters  east  of  fence,  15 
meters  sooth  of  road.  2,100  meters  above  Catholic  Church  in  Grafton,  111.,  and  within 
^e  formed  by  three  pecan  trees.    Eleration,  136™.  3645. 


U.  S.  P.  B.  M.  3  is  copper  bolt  in  top  surface  of  doorstep  of  Catholic  Church, 
Grafton,  HI.  It  is  22  centimeters  from  m>nt  of  step,  and  13  centimeters  from  north 
jamb.    Elevation,  139'°.3116. 

U.  8.  P.  B.  M.  4  is  copi>er  bolt  in  east  end  of  doorstep  of  eastern  door  in  Allen's 
brick  building,  adjoining  Grafton  Flouring  Mills,  Grafton,  111.  It  is  104  millimeters 
from  front  surface  of  step.    Elevation,  142°^.  0719. 

U.  S.  P.  B.  M.  5  is  copper  bolt  leaded  in  the  natural  rock  on  side  of  bluff  above 
high- water  mark.  It  is  450  meters  below  flour  mill  at  Jersey  Landing,  111.,  and  about 
4  miles  below  Grafton,  HI.  The  letters  U.  S.  P.  B.  M.  are  cut  in  the  rock  near  the  cop- 
per bolt.    Elevation,  141»  4305. 

U.  8.  P.  B.  M.  6  is  copper  bolt  leaded  vertically  in  the  natural  flat  rock ;  top  of  rock 
flush  with  surface  of  fipround.  It  is  5,600  meters  below  flour  mill  at  Jersey  Landing, 
Dl.  It  lies  near  hign-water  mark  and  abont  9  meters  west  of  the  mouth  of  sm^ 
ravine  which  comes  out  of  valley  facing  the  '*  Eagle's  Nest."    Elevation,  135"'.0339. 

U.  8.  P.  B.  M.  7  is  copper  bolt  in  natural  rock  on  hillside,  in  woods  19  meters  above 
hieh-water  mark,  and  3,150  meters  below  mouth  of  Piasa  Creek.  The  letters  U.  S.  P. 
B.M.  are  cut  near  bolt.    Elevation,  143™.7181. 

U.  S.  P.  B.  M.  8  is  copper  bolt  leaded  vertically  in  east  end  of  water-table,  on  the 
muth  side  of  the  Alton  water  works  building  in  sixth  window  from  comer,  Alton, 
ni.    The  letters  U.  8.  cut  near  the  bolt.    Elevation,  136».9468. 

U.  8.  P.  B.  M.  9  is  copper  bolt  leaded  vertically  in  south  end  of  doorstep,  in  north 
west  comer  of  Germ^  Catholic  Church  in  Alton,  111.    Elevation,  154^.4612. 

U.  8.  P.  B.  M.  10  is  top  of  copper  bolt  in  stone  post  in  ground  in  woods  on  land  of 
— .  — .  Grinsering,  about  three  hundred  meters  east  of  his  house,  and  5  miles  below 
Alton,  111.    It  is  about  500  meters  from  river  bank.    Elevation,  136^.0457. 

U.  8.  P.  B.  M.  11  is  top  of  copper  bolt  in  stone  in  ground  in  woods  450  meters  back 
from  triangnlation  station  Gillen,  2  meters  north  of  honey-locust  tree,  about  10  meters 
north  of  road,  and  abont  11  miles  below  Alton,  111.  There  is  a  road  leading  back 
from  river  past  this  bench-mark.    Elevation,  132^.2312. 

U.  8.  P.  B.  M.  12  is  top  of  copper  bolt  in  stone  in  ground  in  corner  of  grove  20  meters 
west  of  Columbia  road,  12.8  miles  above  steel  railroad  bridge  at  St.  Louis,  Mo.  It  is 
on  land  of  — .  — .  Chambers,  about  opposite  lower  end  of  Wilson's  Island  No.  5.  Ele- 
▼ation,  145^.6611. 

U.  8.  P.  B.  H.  13  is  top  of  copper  bolt  in  top  of  stone  in  ground  in  small  grove  on  east 
ride  of  Baden  and  Saint  Louis  street-car  track,  6.4  miles  above  the  railroad  bridge  at 
Saint  Louis,  Mo.  It  is  110  meters  south  of  northern  terminus  Baden  street-car  track, 
and  37  meters  east  of  same.    Elevation,  137™.6447. 

U.  8.  P.  B.  M.  14  is  small  hole  in  center  of  copper  bolt  leaded  horizontally  in  third 
coarse  of  stones  on  north  side  of  western  en^ne-room  of  Saint  Louis  water  works, 
8aint  Louis,  Mo.  It  is  147  centimeters  west  of  west  coping  to  main  entrance  to  build- 
ing.   The  letters  U.  8.  P.  B.  M.  are  cut  near  the  bolt.    Elevatiou,  136°^.1201. 

v.  8.  P.  B.  M.  15  is  small  hole  iu  copper  bolt  leaded  horizontally  in  the  west  pier  of 

arch  Jfo,  4,  on  east  side  of  pier  of  Saint  Louis  steel  bridge,  at  Saint  Louis,  Mo.  It  is  6.14 

meters  sonth  of  north  end  of  pier  and  14  centimetera  above  top  course  of  granite. 

Hie  letters  U.  8.  are  cut  in  the  granite  below  the  bench-mark.     Elevation,  133^.0938. 

U.  8.  P.  B.  M.  16  is  top  of  copper  bolt  leaded  vertically  in  east  end  of  doorstep  of 

second  door  from  northeast  comer  of  brick  saloon  adjoining  **  Saint  Louis  Park^'  at 

Janction  of  Jefferson  avenue  and  Carondelet  road,  Saint  Louis,  Mo.     Bench-mark 
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is  29.5  centimeters  from  front  face  and  10  centuneters  west  of  bnttress  a^ioining  door« 
step.    Elevation,  159».3461. 

U.  S.  P.  B.  M.  17  is  top  of  copper  bolt  leaded  yertically  in  north  end  of  north  door- 
step of  E.  Mneller's  store,  north  of  northeast  comer  of  Main  and  Franklin  streets, 
Carondelet,  Mo.     Elevation,  138».6820. 

U.  S.  P.  B.  M.  18  is  center  of  copper  bolt  leaded  horiKontally  in  water-table  in  north- 
east comer  of  guard-hoase,  at  Jefferson  Barracks,  Mo.    Eleration,  15^,Q992» 

U.  S.  P.  B.  M.  19  is  center  of  copper  bolt  leaded  horizontally  in  east  face  of  stone 
in  fourth  conrse  from  top  in  east  end  of  cnlvert  at  Cliff  Cave,  Mo.,  on  Iron  Monnt^in 
Railroad.    Elevation,  126"'.  1949. 

U.  S.  P.  B.  M.  20  is  top  of  copper  bolt  leaded  vertically  in  upper  snrface  of  third 
stone  from  top,  in  south- west  retaining  wall  of  arched  culvert,  over  White  House 
Creek,  on  Iron  Mountain  Railroad.    Elevation,  131^.0967. 

U.  8.  P.  B.  M.  21  is  top  of  copper  bolt  leaded  vertically  in  top  stone  directly  over 
keystone  of  arch  on  north  side  of  arbhed  culvert,  650  meters  below  Jefferson  Station, 
Mo.,  on  Iron  Mountain  Railroad.  The  letters  U.  8.  P.  B.  M.  are  cut  near  the  bolt. 
Elevation.  130».0469. 

U.  8.  P.  B.  M.  22  is  top  of  copper  bolt  leaded  vertically  in  southern  abutment  to 
southern  approach  to  railroad  bridge  on  Iron  Mountain  Railroad  at  Kimmswick, 
Mo.    Elevation,  130^.6901. 

U.  8.  P.  B.  M.  23  is  center  of  copper  bolt  leaded  horizontally  in  oast  face  of  stone  in 
northeast  corner  of  southern  pier  of  railroad  bridge,  400  meters  below  station-house 
at  Sulphur  Springs,  Mo.    Elevation,  129B.3103. 

U.  8.  P.  B.  M.  24  is  center  of  copper  bolt  leaded  horizontally  in  natural  rock  in 
overhanging  bluff  1,000  meters  below  station-house  at  Illinois  Station,  Mo.  This  is 
the  first  bluff  that  is  seen  from  water's  edge,  standing  opposite  i>oint  where  Iron 
Mountain  Railroad  leaves  Mississippi  River.    Elevation.  131°'.7525. 

U.  S.  P.  B.  M.  25  is  top  of  copper  bolt  leaded  vertically  in  Cornice  Rock,  about  2 
meters  from  river  edge  of  rock,  and  about  160  meters  south  of  foot  of  Cornice  Island, 
and  1,000  meters  south  of  month  of  Platin  Rock  Creek,  Jefferson  Co.,  Mo.  Elevation, 
123«.6392. 

U.  8.  P.  B.  M.  26  is  top  of  copper  bolt  leaded  vertically  in  top  of  Robber's  Rock,  on 
north  side,  and  1,736  meters  above  Rush  Tower,  Mo.  Robber's  Rock  is  large  sandstone 
on  beach,  and  is  plainly  visible  for  three-fonrths  of  a  mile  up  or  down  the  river.  Ele- 
vation, 124».6578. 

U.  8.  P.  B.  M.  27  is  center  of  copper  bolt  leaded  horizontally  in  limestone  wall  (natural 
rock),  at  Rush  Tower,  Mo.,  and  11  meters  from  post-office  building.  Elevation, 
126n».6790. 

U.  8.  P.  B.  M.  28  is  top  of  copper  bolt  leaded  vertically  in  large  limestone  bowlder 
on  beach,  1,000 meters  above  Brickey's  Mill,  Cliff  P.  O.,  Ste.  Genevieve  Co.,  Mo.  This 
beach  is  a  little  lower  than  extreme  high- water  mark.    Elevation,  121".5487. 

U.  8.  P.  B.  M.  29  is  center  of  copper  bolt  leaded  horizontally  in  limestone  wall 
(natural  rock)  at  end  of  bluff  about  4  meters  north  of  a  red  oak  tree,  about  30  meters 

north  of Maple's  farm-house  and  three  miles  below  Cliff  P.  O.,  Ste.  Genevieve  Co., 

Mo.  This  bench-mark  in  about  one  foot  above  snrface  of  ground  at  base  of  bluff  and 
is  about  8  meters  above  high  water-mark.    Elevation,  131™.0374. 

U.  8.  P.  B.  M.  30  is  center  of  copper  bolt  leaded  horizontally  in  natural  rock  1,580 
meters  above  White  Sand  Depot  Landing,  Ste.  Genevieve  Co.,  Mo.  It  is  about  250 
meters  north  of  southern  end  of  bluff.  The  letters  U.  S.  P.  B.  M.  are  cut  near  the  bolt. 
Elevation,  124«  6871. 

U.  8.  P.  B.  M.  31  is  center  of  copper  bolt  leaded  horizontally  in  natural  rock  wall 
14  meters  north  of  a  spring  at  Limestone  Point,  Ste.  Genevieve  Co.,  Mo.,  and  is  about 
2i  miles  above  Ste.  Genevieve,  Mo.  The  letters  U.  8.  P.  B.  M.  are  cut  around  the  bolt. 
Elevation,  128°».9043. 

U.  8.  P.  B.  M.  32  is  top  of  copper  bolt  leaded  vertically  in  west  eud  of  doorstep  on 
south  side  of  Rozier's  warehouse,  southwest  comer  Main  and  Washington  streets,  Ste. 
Genevieve,  Mo.    Elevation,  125».1543. 

U.  8.  P.  B.  M.  33  is  center  of  copper  bolt  leaded  horizontally  in  south  side  at  south- 
east corner  of  public  school  building  in  Ste.  Genevieve,  Mo.,  four  inches  from  comer 
in  fifth  course  of  stones  below  the  bricks.  The  letters  U.  8.  P.  B.  M.  are  cut  near 
the  bolt.    Elevation,  128<".3151. 

U.  8.  P.  B.  M.  34  is  center  of  copper  bolt  leaded  horizontally  in  east  face  of  large  cor- 
ner-stone  of  engine-house  of  Quarrytown  Grindstone  Works,  at  Quarrytown,  Mo., 
three  miles  below  Ste.  Genevieve,  Mo.  The  letters  U.  8.  P.  B.  M.  are  cut  near  the 
bolt.    Elevation,  123».2542. 

U.  8.  P.  B.  M.  35  is  center  of  copper  bolt  leaded  horizontally  in  west  end  of  water- 
table  in  southwest  comer  of  storehouse  belonging  to  E.  S.  Lanbaugh,  on  northeast 
comer  of  Second  and  Walnut  streets,  Ste.  Mary's,  Mo.  The  bolt  is  countersunk  about 
5  millimeters  in  the  stone.  The  letters  U.  8.  P.  B.  M.  are  cut  near  the  bolt.  Eleva- 
tion, 124-.6617. 
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n.  8.  p.  B.  M.  36  is  center  of  copper  bolt  leaded  horizontally  in  sonthwest  comer  of 
Martin  Boandstoue's  ice-fioaae  on  east  side  of  Walnat  street,  Ste.  Mary's,  Mo.  The 
letters  U.  8.  P.  B.  M.  are  cat  near  the  bolt.  The  bolt  is  in  fifth  conrse  of  stones  from 
bottom.    BloTatioD,  126B.7787. 

U.  S.  P.  B.  M.  37  is  top  of  copper  bolt  leaded  vertically  in  stone  post  set  in  ground 
in  woods  about  4  miles  below  Ste.  Mark's,  Ste.  Gtoneyieve  Co.,  Mo.  It  is  990  meters 
back  from  river  and  24  meters  west  of  lane  running  south  fr^om  river  road.  Lane 
tarns  off  from  river  road  in  vicinity  of  John  Lawrence's  house.  This  bench-mark  is 
S.  40^  W.  from  farm-house,  7  meters  N.  75^  W.  from  ash  tree,  and  4^  meters  N.  b29  £. 
from  box-elder  tree.    Elevation.  118°>.1124. 

U.  S.  P.  B.  M.  38  is  horizontal  copper  bolt  in  water-table  of  drug  store  northeast 
eoomer  of  Schachert's  Block,  Chester,  111.    Elevation,  122».0907. 

U.  S.  P.  B.  M.  39  is  horizontal  copper  bolt  in  frt>nt  face  of  Cole  Brothers'  stone  ele- 
vator, 1.32  meters  east  of  the  southwest  corner  and  the  same  distance  above  the 
ground,  1,240  meters  below  Chester,  111.    Elevation,  122".2673. 

U.  S.  P.  B.  M.  40  is  top  of  copper  bolt  in  stone  monument  set  in  southeast  comer 
of  woods  576  meters  back  from  a  long  lane  Jnst  west  of  larse  wheatfield  from  turn  of 
road,  40  meters  north  of  farm-house  of  Marcus  Peto.  It  is  2  meters  south  of  elm 
tree  4  feet  in  diameter,  12  meters  west  from  hack  berry  tree  18  inches  in  diameter,  and 
200  meters  northwest  of  house  not  occupied.    Elevation,  11&".0519. 

U.  3.  P.  B.  M.  41  is  t4>p  of  copper  bolt  in  stone  in  ground  50  meters  south  of  end  of 
lane,  1  meter  from  fence,  1,420  meters  back  from  river  at  Bois  Brul^  P.  O.,  Perry  Co., 
Mo.    Elevation,  116».5760. 

U.  8w  P.  B.  M.  42  is  center  of  copper  bolt  set  horizontally  in  vertical  face  of  natural 
rock  at  upper  extremity  of  bluff  &43  metres  below  Grand  Eddy  post'Office,  Pen^  Co., 
Mo.  It  is  about  3^  meters  below  upper  end  of  U.  S.  water-gauge,  and  14  meters  below 
extreme  upper  point  of  the  bluff  rocks.  The  letters  U.  S.P.  B.  M.  are  cut  in  the  rock 
near  the  bolt.    Elevation,  I19°*.4255. 


U.  S.  P.  B.  M.  43  is  center  of  copper  bolt  leaded  horizontally  in  a  larse  rook  in  the 
woods  about  4  miles  below  Grana  Eddy,  Perry  Co.,  Mo.  It  is  740  meters  below  a  house, 
175  meters  back  frt>m  the  river,  and  30  meters  back  from  edge  of  timber,  and  at  the 
upper  end  of  a  stretch  of  prairie  land  which  extends  down  to  76  landing.  Elevation, 
11^.7714. 

n.  S.  p.  B.  M.  44  is  top  of  copper  bolt  leaded  vertically  in  a  large  bowlder,  10  feet  by 
10  feet  by  6  feet,  6  meters  from  edge  of  bank,  17  meters  above  second  gate  above  farm- 
houses of  Napoleon  Gill,  100  meters  above  bam  on  Cape  Cinque  Hommes,  Perry  Co., 
Mo^  and  3f  miles  above  Wittenberg,  Mo.    Elevation,  118».5512. 

U.  S.  P.  B.  M.  45  Is  center  of  copper  bolt  leaded  horizonlally  in  stone  foundation-wall 
of  Wittenberg  Flouring-Mill,  at  Wittenberg,  Mo.,  on  side  facing  the  river  between 
the  ground-floor  door  and  down-river  comer  of  mill.    Elevation,  116°'.5964. 

U.  S.  P.  B.  M.  46  is  center  of  copper  bolt  leaded  horizontally  in  east  face  of  rock,  2 
meters  east  of  road,  400  meters  below  Wittenberg,  Mo.  It  is  situated  between  the 
bouses  of  Denny  and  Tucker,  23  meters  from  the  former  and  31  meters  above  the  lat- 
ter's  house.  It  Is  11  meters  below  Denny's  shop  and  29  meters  above  Tucker's  bam. 
Elevation,  116«.4716. 

U.  S.  P.  B.  M.  47  is  top  of  copper  bolt  leaded  vertically  in  the  point  of  rocks  95 
meters  below  "Tower  Rock,"  Perry  Co.,  Mo.,  and  opnosite  the  upper  end  of  Grand 
Tower,  Dl.  It  is  15  meters  east  of  an  iron  bolt  leaded  vertically  in  the  rook  and 
marked  *'  U.  S.  53."  The  letters  U.  S.  P.  B.  M.  are  cut  near  the  copper  bolt.  Eleva- 
tion, lll».O031. 

U.  8.  P.  B.  M.  48  is  center  of  copper  bolt  leaded  horizontally  in  face  of  rock  at  Birming- 
ham Point,  Perry  Co.,  Mo.  It  is  813  meters  above  the  mouth  of  Apple  Creek,  and  28| 
meters  above  a  scrabby,  gnarled  sycamore  tree  growing  in  the  rocks.  The  rocks  here 
are  conglomerate  in  horizontal  strata,  and  from  the  river  present  the  appearance  of  a 
stairway.  The  letters  U.  S.  P.  B.  M.  are  cut  near  the  bolt  in  the  rock.  It  is  about 
3D  meters  above  a  living  spring,  which  comes  up  out  of  the  gravel  Just  below  the 
strata  of  rock.    Elevation,  1I0«.0317. 

U.  8.  P.  B.  M.  49  is  top  of  copper  bolt  leaded  vertically  in  the  bluff  rock  3,655  meters 
below  mouth  of  Apple  Creek,  Cape  Girardeau  Co.,  Mo.  In  front  of  this  bench-mark 
are  three  very  largo  rocks  standing  out  from  the  blnff  and  partly  detached  therefrom. 
Elevation,  110>".2011. 

U.  S.  P.  B.  M.  50  is  center  of  copper  bolt  leaded  horizontally  in  natural  rock  in  river 
blnff  712  meters  below  rock  called  "The  DevU's  Tea  Table,"  in  Cape  Girardeau  Co., 
Mo.    Elevation,  110«.2257. 

U.  8.  P.  B.  M.  51  is  center  of  copper  bolt  leaded  in  the  steeply-inclined  face  of  the 
last  reliable  ledge  of  rocks  of  the  chain  extending  south  from  Moccasin  Springs,  Mo., 
and  at  the  point  where  the  bluffs  begin  to  i*ecedo  from  the  river  2,500  meters  above 
Batnbridge  Creek.    The  letters  U.  S.  are  cot  in  the  rock.    Elevation.  109^.1341. 

U.  S.  P.  B.  M.  52  is  a  horizontal  copper  bolt  set  in  vertical  face  of  ledge  of  rocks  35 
centimeters  thick.    The  bolt  is  1.2  meters  above  the  ground,  is  775  meters  below  Henry 
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Shineman's  house  and  565  meters  aboye  the  foot  of  the  bluffs.    These  bloffis  are  4  milet 
above  north  end  of  Cape  Rook,  Cape  Qirardean  Co..  Mo.,  f  mile  from  river,  and  on 
-«,.  ,     ^,  i's  heirs.    Elevation,  110«.5744. 


land  of  Elisha  Sheppard'e 

U.  8.  P.  B.  M.  53  IS  center  of  horizontal  copper  bolt,  set  in  verUcal  face  of  ledge. 
Just  below  a  ravine  at  the  lower  end  of  Cape  Rock.  Its  elevation  is  about  high 
water.    Elevation,  108".7640. 

U.  8.  P.  B.  M.  54  is  a  horizontal  copper  bolt  in  the  outer  vertical  face  of  stone 
step,  which  extends  under  buttress  at  the  northeast  comer,  second  entrance  from  the 
north,  to  Marble  City  Hotel,  on  Water  street.  Cape  Girardeau,  Mo.  Elevation, 
111».7495. 

U.  8.  P.  B.  M.  55  is  horizontal  copper  bolt  in  vertical  face  of  good  homogeneous 
hard  rock,  just  below  and  near  the  southeast  comer  of  8t.  Vincent's  College,  about 
45  meters  west  of  river,  in  south  part  of  Cape  Girardeau,  Mo.    Elevation,  114^.7730. 

U.  8.  P.  B.  M.  56  is  horizontal  orass  key,  in  vertical  face  of  solid  rock  of  fairly 
hard  homogeneous  sandstone,  or  granite,  very  white  when  cut.  Ledge  forms  bank  of 
river,  and  is  at  lower  end  of  Cape  Girardeau,  in  ^nt  of  St.  Vincent  College.  It  is 
about  35  meters  east  of  railroad  track.    Elevation,  107™.  1247. 

U.  8.  P.  B.  M.  57  is  center  of  horizontal  copper  bolt,  set  in  smooth  vertical  face, 
in  ledge  of  blue,  or  ^ay,  limestone,  at  its  upper,  or  western,  extremity,  on  the  land  of 
the  Taylor  estate.    It  is  0.8  meter  above  the  ground,  1  meter  below  top  of  vertical 

§  art,  and  10  meters  below  where  the  led^e  disappears  under  the  ground.  It  is 
.  70^  E.,  75  meters  from  mouth  of  Le  Croix  Creek,  and  1,574  meters  above  lower 
U.  8.  water-gauge  at  Gray's  Point,  Mo.,  being  just  in  view  of  the  lower  part  of  Cape 
Girardeau,  Mo.  The  letters  U.  8.  P.  B.  M.  are  cut  in  the  face  of  the  rqck.  Eleva- 
tion, 110«.9056. 

U.  8.  P.  B.  M.  58  is  center  mark  on  horizontal  copper  bolt  leaded  in  the  vertical 
face,  looking  toward  the  river,  of  the  center  one  of  three  large  rocks,  the  lowest  and 
largest  of  which  forms  the  bank  of  the  river^  and  is  known  as  ''  Connte^eit  Rock,'' 
or  *'  Standing  Rock  of  the  Grand  Chain."  It  is  10  meters  from  the  top  of  the  river 
bank,  80  meters  above  the  line  between  Matthew  Roe  and  H.  8.  Wray,  600  meters 
above  Wray's  Landing  on  the  land  of  said  Matthew  Roe,  situated  about  three  miles 
above  Commerce,  Mo.  It  is  about  0.8  meters  above  the  ground.  The  letters  U.  8.  P. 
B.  M.  are  cut  in  the  rock.    Elevation,  110^.6773. 

U.  8.  P.  B.  M.  59  is  the  center  of  a  horizontal  copper  bolt  leaded  in  the  steeply 
inclined  face,  looking  toward  the  river,  of  a  large  silicious  rock  mostly  covered  with 
earth,  being  one  of  a  group  of  many  in  a  ravine  1,190  meters  above  U.  8.  P.  B.  M.  60, 
in  Commerce.  It  is  0.6  meters  above  the  ground,  and  about  60  meters  back  from  the 
river,  the  ground  rising  in  this  distance  15  meters.  It  is  in  a  shallow,  rocky  ravine, 
at  upper  side  of  the  first  strip  of  cultivated  land,  near  the  river,  south  of  the  bluffs, 
on  land  of  Mrs.  C.  Halfher.  The  letters  U.  8.  P.  B.  M.  are  cut  in  the  rock.  Eleva- 
tion, 118«.7540. 

U.  8.  P.  B.  M.  60  is  point  in  center  of  horizontal  copper  bolt  leaded  in  vertical  face  of 
ledge,  looking  toward  the  river  0.55  metres  above  the  ground  and  3.37  metres  above 
the  nigh  water  of  1858.  The  top  surface  of  this  rock  or  ledge,  which  extends  across 
the  street,  forms  the  road  bed.  It  is  Just  in  front  of  a  point  about  30  meters  above 
Wm.  Anderson's  large  brick  house  on  elevated  site  at  the  north  or  upper  end  of  Com- 
merce, Mo.  There  are  a  large  number  of  large  pieces  of  rock  lying  on  the  bank  here 
that  have  from  time  to  time  rolled  down  from  the  same  general  ledge,  but  the  one 
selected  is  so  large  and  extends  back  in  the  bank  so  far  uiat  it  is  reliable.  Eleva- 
tion, 110«.5032. 

U.  8.  P.  B.  M.  61  is  center  of  horizontal  copper  bolt  set  in  front  or  east  face  of  founda- 
tion of  Wm.  Anderson's  large  brick  dwelling-nouse  at  the  upper  end  of  Commerce,  Mo. 
It  is  2  meters  north  of  centor  of  front  entrance  and  36  centimeters  above  the  ground. 
Elevation,  116«.6307. 

U.  8.  P.  B.  M.  62  is  mark  in  center  of  horizontal  copper  bolt  set  in  the  vertical  face 
of  the  northwest  abutment  of  stone  culvert  under  road  over  Muddy  Creek,  1  meter 
above  the  ground.  75  meters  from  the  top  of  the  river  bank  and  1,960  meters  above 
Santa  F^  Store,  wnich  latter  is  opposite  Commerce,  Mo.,  in  the  State  of  Illinois.  This 
foundation  or  masonry  rests  on  the  natural  rock.  The  letters  U.  8.  P.  B.  M.  are  cut 
in  the  rock  near  the  bolt.    Elevation,  104'".6078. 

U.  8.  P.  B..  M.  63  is  185  meters  right  up  the  same  creek  (Muddy  Creek)  in  the  left 
hand  ravine  going  up  from  the  culvert  in  which  is  U.  8.  P.  B.  M.  62.  It  is  center  of 
copper  bolt  set  in  vertical  face  of  a  very  large  rock  on  part  of  the  ledge  just  on  the 
right  of  the  creek  going  up,  1.5  meters  above  the  ground,  1.5  meters  iSslow  the  top 
of  the  rock,  and  2  meters  from  the  projecting  end.    Elevation,  106°*.7967. 

U.  8.  P.  B.  M.  64  is  top  of  copper  bolt  in  U>p  of  stone  in  ground  1,260  meters  back 
from  river,  1  meter  north  offence  on  north  side  of  road  leading  east  fiom  Goose  Island 
P.  O.,  or  Atherton's  Landing,  about  19  miles  above  Cairo,  111.    Elevation,  107n.5416. 

U.  8.  P.  B  M.  65  is  top  of  copper  bolt  in  top  of  stone  in  ground  in  woods  about 
1,500  meters  back  fh>m  river,  and  8^  miles  above  Cairo  Post>Offlce,  Alexander  Co., 
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Illinois.  It  18  26  meters  from  graded  road  (otherwise  known  as  levee),  and  93  meters 
from  a  school-hoose  for  negroes^  and  2^  miles  below  Spies'  Mills.  Elevation,  103™.4605. 
U.  8.  P.  B.  M.  66  is  top  of  copper  bolt  in  stone  post  in  open  woods.  It  is  61  meters 
east  of  a  point  on  the  I.  C.  R.  R.,  which  point  on  the  railroad  is  391  meters  north  oj 
the  "three-mile  post"  ftom  Cairo.  111.    Elevation,  101™.4777. 

DESCBimOK  OF  FEBXANKNT  BENCH-MARKS  BETWSBN  KEOKUK,  IOWA,  A2n>  GBAVTON, 

ILL. 

U.  S.  P.  B.  M.  1  is  top  of  copper  holt  leaded  vertically  into  coping  of  shore  side  of 
lower  lock  of  Des  Moines  Rapids  Canal,  Keokak,  Iowa.  Bench  is  in  recess  between 
stone  steps  and  stone  pier  of  lower  hydraulic  tower,  on  south  side  of  pier.  Elevation, 
156-.6S70. 

U.  S.  P.  B.  M.  2  is  copper  bolt  leaded  horizontally  in  south  face  of  Iowa  shore  pier 
of  R.  R.  bridffe,  Keokuk,  Iowa,  8  inches  above  bench  of  pier,  in  the  tenth  stone  from 
weet  end.    Elevation,  156».  7516. 

U.  8.  P.  B.  M.  3  is  copper  bolt  leaded  horizontally  in  southwest  corner  of  three-story 
stone  building,  owned  by  Mr.  Patterson,  facing  on  Water  street,  second  door  from  cor- 
ner of  Johnson  street,  Keokuk,  la.,  8  inches  a£>ve  west  door-sill,  on  inner  side  of  outer 
wall,  50  feet  from  comer  of  Water  and  Johnson  streets.    Elevation,  161™.  3696. 

U.  S.  P.  B.  M.  4  is  small  conical  hole  in  rock  at  intersection  of  cross-cut  in  upper 
surface  of  top  stone  of  buttress  of  Des  Moines  River  bridge.    Elevation,  158<^.  4243. 

U.  8.  P.  B.  M.  5  is  copper  bolt  leaded  horizontally  into  north  wall  of  brick  building, 
li  feet  from  i^prtheast  comer,  and  three  feet  tcom  ground.  Building  is  in  upper  end 
of  Alexandria,  Mo.,  &cing  river,  and  60  feet  from  bank.  The  north  wall  faces  slough 
emptying  into  river,  and  50  meters  from  it.  Building  owned  by  Chas.  Bocker ;  post- 
office  located  in  building.    Elevation,  158".  0087. 

U.  8.  P.  B.  M.  6  is  copper  bolt  leaded  horizontally  in  upper  comer  of  stone  masonry 
on  front  side  of  nortneast  comer  of  Baptist  Church  at  Gregory's  Landing,  Mo. 
Church  is  150  meters  north  from  Junction  of  railroad  and  wagon  road.  Elevation, 
154»  7690. 

U.  8.  P.  B.  M.  7  is  copper  bolt  leaded  vertically  in  marking-stone  set  at  root  of  oak 
tree,  24  meters  west  of  railroad.  Stone  is  1. 7  meters  west  of  tree  in  northeast  comer 
of  field,  10  meters  south  of  small  ravine,  650  meters  below  bridge  No.  14.  Tree  is  12 
inches  in  diameter.    Elevation,  157*^.2349. 

U.  S.  P.  B.  M.  8  is  copper  bolt  leaded  horizontally  in  north  wall  of  Down's  HoteL 
Canton,  Mo.  Bolt  is  in  fifth  stone  from  ground,  fourth  stone  from  comer  of  wall  made 
by  office  door  entrance,  and  in  second  stone  from  first  window  west  of  office  entrance. 
Hotel  is  on  southwest  comer  of  Lewis  and  Fifth  streets.    Elevation,  156°*.  7856. 

U.  8.  P.  B.  M.  9  is  copper  bolt  leaded  horizontally  in  east  side  of  back  foundation  of 
German  Methodist  Episcopal  Church,  comer  of  Sixth  and  Washington  streets,  Can- 
ton, Mo.  Bolt  is  in  third  stone  from  ground  and  in  second  from  north  comer,  and 
directly  under  window  facing  east.    Elevation,  156°>.5849. 

U.  S.  P.  B.  M.  10  is  copper  bolt  leaded  vertically  in  top  surface  of  southeast  comer  of 
south  abutment  of  railroad  bridge  No.  35  over  Wyaconda  Creek.  Bolt  is  2  feet  from 
south  face,  4  feet  from  east  face  of  abutment,  and  about  1  mile  above  La  Orange,  Mo. 
Elevation,  153».6120. 

U.  S.  P.  B.  M.  11  is  copper  bolt  leaded  horizontally  in  northeast  comer  stone  of 
Qnisenberry  &  Schneiaer's  tobacco  works,  situated  on  southwest  comer  of  Wash- 
ington street  and  K  and  St.  L.  R.  R.  at  Lagrange,  Mo.  Bolt  is  in  east  face,  15  inches 
from  comer  of  stone  and  2  feet  from  ground.    Elevation,  153°^.5792. 

U.  8.  P.  B.  M.  12  is  center  of  copper  bolt  leaded  horizontally  in  third  course  of  masonry 
from  bottom  and  ninth  fh>m  top  of  west  abutment  of  Quincy  R.  R.  bridge.  West 
Quincy,  Mo.    Bolt  is  in  north  face  2  inches  from  east  comer.    Elevation,  151™.7187. 

U.  8.  P.  B.  M.  13  is  copper  bolt  leaded  vertically  in  top  surface  of  top  stone  of  north- 
east comer  of  north  pier  forming  south  face  of  north  abutment  of  covered  railroad 
bridge  over  the  Fabius  River.  Bolt  is  near  the  center  of  stone  5  feet  below  and  8  feet 
east  of  rail.    Elevation,  151B.9146. 

U.  8.  P.  B.  M.  14  is  top  of  copper  bolt  leaded  vertically  in  top  surface  of  stone,  form- 
ing west  end  of  north  pier  to  railroad  bridge  over  North  River.  Bolt  is  8  inches  from 
north  edge  of  stone,  2  feet  from  west  edge,  and  14  inches  from  base  of  strut.  Eleva- 
tion. 150".8065. 

U.  8.  P.  B.  M.  15  is  copper  bolt  leaded  vertically  in  stone  post  set  in  northeast  comer  of 
cultivated  field,  5  meters  from  wagon  road,  15  meters  west  of  railroad,  20  meters  from 
north  one  of  two  elm  trees  standing  alone  in  wagon  road,  fence  forming  line  between 
woods  and  cultivated  ground,  466  meters  north  of  Hi Iton  Station.    Elevation,  149">.7508. 

U.  S.  P.  B.  M.  16  is  copper  bolt  leaded  horizontally  in  face  of  natural  rock  at  east 
entrance  of  tunnel  at  Missouri  end  of  railroad  bridge  at  Hannibal,  Mo.    Bolt  is  in 
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rook  facine  oast  and  on  south  side  of  tunnel,  7  feet  south  of  entranoe  and  about  4  fbet 
above  road  level.    Elevation,  155°>.8651. 

U.  S.  P.  B.  M.  17  is  copper  bolt  leaded  vertically  in  top  suifaoe  of  east  stone  of  north 
abutment  of  small  railroad  bridge  1  mile  below  Hannibal,  Mo.,  and  50  meters 
northeast  of  house  of  Mr.  Johnson.    Elevation,  147(n.8009. 

U.  S.  P.  B.  M.  18  is  copper  bolt  leaded  vertically  in  top  of  top  course  of  masonry  at 
river  side  of  north  end  of  principal  abutment  of  railroad  bridge  across  Lick  Greek, 
800  meters  below  depot  at  Saverton,  Mo.    Elevation,  147°>.3d01. 

U.  8.  P.  B.  M.  19  is  marking-stone  planted  in  comer  of  yard  of  Catharine  Hayes,  6 
miles  south  of  Saverton,  H  miles  above  Ashbum.  Stone  is  8  meters  southwest  of 
southwest  comer  of  house,  and  25  meters  from  river  bank,  a  little  below  dam  at  Qil- 
bert's  Island.    Elevation,  151-.7497.  ' 

U.  8.  P.  B.  M.  20  is  copper  bolt  set  vertically  in  top  of  marking-stone  set  on  line 
of  rail  fence  8  meters  east  of  large  maple  tree  on  east  bank  of  small  creek  bed,  3  meters 
north  of  bridge  over  creek.  Stone  is  7  meters  south  of  wagon  road,  17  meters  west 
of  railroad,  23  meters  south  of  south  comer  of  house  of  Mr.  Warner,  and  i  mile  north 
of  Ashbum,  Mo.    Elevation,  150".57G2. 

U.  S.  P.  B.  M.  21  is  markine^tone  planted  in  east  edflre  of  cultivated  field  about  77 
meters  from  south  bank  of  Salt  River,  at  place  where  Eeokuk  and  Saint  Loois  Railroad 
crosses  the  river.  Stone  is  set  about  15  meters  to  the  west  of  track,  nearly  opposite 
the  south  end  of  the  trestle  on  south  end  of  bridge.    Elevation,  145^.2055. 

U.  S.  P.  B.  M.  22  is  copper  bolt  leaded  vertically  in  marking-stone  in  southwest 
fence  corner  of  fence  running  east  and  west  and  one  south.  South  fence  sto^  at 
comer,  and  beg^s  again  10  meters  farther  east,  on  east  and  west  fence.  Stone  is  20 
meters  west  of  railroaid  and  50  meters  above  mouth  of  Salt  River.  Elevation,  148».9603. 

U.  S.  P.  B.  M.  23  is  copper  bolt  leaded  horizontally  in  first  layer  of  stone  below 
brick  in  northeast  face  or  brick  saloon  on  the  northwest  comer  of  Water  and  Main 
streets,  Louisiana,  Mo.  Bolt  is  in  second  stone  north  of  door  in  same  wall  of  building. 
Elevation,  148n.9719. 

U.  S.  P.  B.  M.  24  is  copper  bolt  set  vertically  in  top  surfoce  of  top  stone  forming 
the  northeast  comer  of  the  west  abutment  of  railroad  bridge  over  Mississippi  River- 
at  Louisiana,  Mo.  Top  of  bolt  is  even  with  the  surface  of  the  stone.  Elevation, 
148».e907. 

U.  S.  p.  B.  M.  25  is  center  of  hole  in  copper  bolt  in  side  of  natural  rock  7  meters 
south  of  railroad,  9  meters  north  of  oak  tree,  14  inches  in  diameter,  on  bank  above, 
500  meters  below  railroad  bridge  across  gully,  and  6,000  meters  below  railroad  bridge 
across  Mississippi  River  at  Louisiana,  Mo.  Five  notches  cut  in  tree.  Elevation, 
147».2828. 

U.  S.  P.  B.  M.  26  is  copper  bolt  leaded  vertically  in  top  of  marking-stone  set  at 
intersection  uf  two  fences  od  south  side  of  lane  and  west  of  railroad.  Lane  is  5  meters 
wide.  The  north  fence  stops  before  it  reaches  as  far  east  as  the  south  fence.  A  small 
creek  is  3  meters  north  of  the  north  fence.  A  row  of  apple  trees  is  just  inside  the 
north  fence.  Stone  is  5i  meters  west  of  railroad  and  15  meters  west  of  river;  about 
60  meters  east  of  old  log-house  of  Peter  Yaeger,  and  about  3  miles  above  Clarksville, 
Mo.    Elevation,  146B.6472. 

U.  8.  P.  B.  M.  27  is  center  of  horizontal  copper  bolt  leaded  in  the  natural  rock  in 
side  of  small  bluff  bank  3^  meters  east  of  railroad  track,  below  wagon  road,  12  meters 
from  river  bank,  440  meters  above  vinegar  works  at  Clarksville,  Mo.,  and  120  meters 
below  mouth  of  Calumet  Creek.  It  is  between  railroad  and  house  of  Philip  Bedair. 
Elevation,  14dB.0183. 

U.  8.  P.  B.  M.  28  is  copper  bolt  leaded  horizontally  in  the  southeast  eomer  stone 
of  Carroll  House,  Clarksville,  Mo.  Stone  is  at  the  head  of  stairs  leading  to  basement. 
Bolt  is  set  in  south  face  of  stone  about  10  inches  above  the  sidewa&.  Elevation, 
146«.5610. 

U.  8.  P.  B.  M.  29  is  top  of  copper  bolt  leaded  vertically  in  top  sarface  of  marking- 
stone  set  in  the  ground  5  meters  east  of  the  Sny  Levee,  opposite  Clarksville,  Mo., 
about  50  meters  east  of  ferry  landing  in  Calhoun  County,  Illinois.  Stone  is  220  meters 
along  the  levee  below  where  levee  crosses  chute.    Elevation,  142^.8844. 

U.  8.  P.  B.  M.  30  is  coj^per  bolt  leaded  vertically  in  top  surface  of  marking-stone  set 
in  the  ground  on  east  side  of  Sny  Levee  at  intersection  of  plantation  road,  on  south  of 
road,  which  crosses  levee  and  continues  to  the  river.  Levee  is  50  meters  east  of  river. 
A  large  elm  stump  6  feet  in  diameter  and  10  feet  tall  stands  in  the  road  20  meters 
west  of  levee.  Stone  is  opposite  Island  No.  463,  about  one-third  its  length  above  the 
lower  end,  and  about  3^  miles  below  U.  S.  P.  B.  M.  29,  opposite  Clarksvilfe.  Elevation, 
142».8681. 

U.  8.  P.  B.  M.  31  is  copper  bolt  leaded  vertically  in  top  of  marking-stone  set  on  east 
side  of  levee  at  its  base,  4  meters  east  of  the  middle  of  levee,  in  fence  comer  in- 
olosing  field  with  woods  on  north  side  and  levee  on  west  side.  It  is  about  100  meters 
east  of  river  and  175  meters  northwest  of  house  occupied  by  Bir.  Gain  and  owned  by 
Measrs.  Rock  and  Baker.    Elevation,  142B.0102. 
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U.  8.  P.  B.  M.  32  is  conical  hole  in  top  earface  of  rock  proiecting  from  side  of  wagon 
road,  about  half  way  up  steep  hill  on  north  bank  of  small  stream,  10  meters  north 
of  middle  of  stone  cnlvert.  Rock  is  at  root  of  two  poplar  trees  growibg  abont  1 
foot  apart.  Bench  is  at  intersection  of  cross,  6  inches  from  west  edge  and  10  inches 
from  south  edge  of  rock,  and  abont  50  meters  east  of  east  shore  of  Hamburg  Bay. 
Elevation,  148».ti000. 

U.  S.  P.  B.  M.  33  is  top  of  copper  bolt  leaded  vertically  in  top  surface  of  natural 
rock  projecting  from  east  side  of  wagon  road  abont  240  meters  south  of  house  of  Mr. 
Blacksmith,  and  about  4  miles  north  of  Hamburg,  111.  The  bolt  is  18  inches  from 
corner,  and  10  inches  fh>m  the  two  sides  of  the  stone,  only  one  comer  of  which  pro- 
jects.   Elevation,  163».0372. 

U.  S.  P.  B.  M.  34  is  copper  bolt  leaded  horizontally  in  the  north  face  of  natural  rock 
forming  south  side  of  tne  first  creek  sonth  of  Hamburg,  Calhoun  County,  Illinois. 
Bench  is  about  120  meters  east  on  road  from  where  the  road  makes  a  sharp  bend  from 
sonth  to  east.  There  are  a  mill  and  two  houses  at  the  turn  of  the  road.  Bench  is 
abont  5  meters  north  of  fence  aronnd  orchard.  Bolt  is  about  1  foot  below  the  top 
surface  of  rock,  and  about  4^  feet  above  creek  bottom,  which  is  of  stone.  Rook  is  in 
layers,  the  bolt  being  in  top  layer.    Elevation,  141™.6910. 

U.  &  P.  B.  M.  35  is  point  U  inches  from  sonth  comer  and  ^  inch  from  east  side  of 
shore  line  triangnlation  stone  set  by  Assistant  Engineer  John  Eisenmann.  Stone  is  38 
meters  east  of  river  bank,  abont  250  meters  below  Island  No.  482,  and  3^  meters  north 
west  of  large  elm  tree  marked  with  two  triangles  opposite  midway  between  two 
honnee  on  westport  Island.    Elevation,  139'°.9151. 

U.  8.  P.  B.  M.  36  is  top  of  copper  bolt  leaded  in  the  top  of  marking-stone  set  abont 
8  meters  £rom  the  river  bank,  on  the  Illinois  shore,  a  short  distance  sonth  of  a  point 
opiMMito  the  head  of  Islands  Nos.  487, 486,  and  485,  and  about  1,190  meters  above  ware- 
houses at  Red's  Landing,  Calhoun  County,  Illinois.  It  is  |  meter  sonth  of  lower  fence 
of  two  on  land  of  one  Ira  Lawson,  abont  opposite  the  head  of  the  aforesaid  islandGL 
and  abont  50  meters  north  of  the  boundaiiy  line  between  the  land  of  the  above-namea 
Ira  Lawson  and  the  land  of  one  John  M.  Lewis.    Elevation,  130°^.6604. 

U.  S.  P.  B.  M.  37  is  cross  abont  in  the  middle  of  triangnlation  stone  set  by  Assistant 
Engineer  John  Eisenmann  at  the  root  of  a  large  poplar  tree  about  10  meters  from 
sm^  house  and  5  meters  from  fence  surrounding  house.  The  house  is  opposite  the 
foot  of  Sterling  Island.    Elevation,  139».5688. 

U.  S.  P.  B.  M.  38  is  top  of  marking-stone  set  bv  Assistant  Engineer  John  Eisen- 
mann li  meters  west  of  foot  of  svcamore  tree  blazed  and  marked  with  a  triangle. 
Stone  is  50  meters  east  of  river  bank  and  27  meters  east  of  road  running  to  Hogville. 
It  is  abont  800  meters  sonth  from  Church's  Landing,  and  abont  400  meters  north  from 
warehouses  at  Hogville  Landing,  Calhoun  County,  Illinois.    Elevation.  138™.7069. 

U.  8.  P.  B.  M.  39  is  top  of  copper  bolt  leaded  vertically  in  top  of  marking-stone  set 
in  the  ground  i  meter  inside  the  fence  on  the  west  side  of  the  field  of  J.  H.  Eildemann, 
abont  100  meters  north  from  upper  landing  warehouse  at  Turner's  Landing,  Calhoun 
County,  Illinois.    Elevation  139«.5747. 

U.  8.  P.  B.  M.  40  is  top  of  triangnlation  shore  line  marking-stone  set  bv  Assistant 
Engineer  John  Eisenmann  abont  90  meters  back  from  Illinois  bank  of  Mississippi 
River,  about  600  meters  sonth  of  foot  of  Island  No.  197,  and  abont  2,900  meters  south 
£rom  the  lower  Turner's  Landing  warehouse.    Elevation,  13&^.6351. 

U.  8.  P.  B.  M.  41  is  center  of  copper  bolt  leaded  horizontally  in  solid  sand  rock 
abtive  and  back  of  the  road,  74  meters  east  and  below  top  of  a  hill  at  point  of  bluff  at 
\¥est  Point,  Calhoun  County,  Illinois,  facing  the  north.  It  is  about  1  meter  above 
level  of  road,  and  is  abont  150  meters  aronnd  the  point  firom  the  warehouse  at  West 
Point.    Elevation,  HlQ'.OOSl. 

U.  S.  P.  B.  M.  42  is  center  of  copper  bolt  leaded  horizontally  in  the  north  face  of 
laige  bowlder  rock,  imbedded  partly  in  the  ground  abont  40  meters  aronnd  east  from 
northwest  comer  of  the  bluff  rocks  below  Hastings'  Landing,  Calhoun  Co.,  111., 
abont  225  meters  below  warehouse  on  the  land  of  £.  B.  Brown.  It  is  third  large 
bowlder  at  foot  of  hill  on  the  north  side  of  comer  west  from  the  top  of  bank  of  small 
branch  that  empties  in  the  river  below  the  warehouse,  and  is  about  8  meters  east 
ftom  fence  that  leads  about  southwest  from  the  east  side  of  warehouse  at  landing. 
Elevation.  141»  0863. 

U.  8.  P.  B.  M.  43  is  center  of  copper  bolt  leaded  horizontally  in  the  west  face  of 
bluff  rock  abont  2^  meters  underneath  where  the  upper  surface  of  rocks  commence  to 
be  exposed  at  the  foot  of  the  hill,  about  20  meters  aronnd  north  on  west  side  of  hill 
from  southwest  projecting  comer  of  the  bluffs  on  the  north  side  of  the  valley,  second 
one  north  of  Martin's  Landing,  Calhoun  Co.,  111.,  and  first  one  south  of  valley  where 
John  Zarley  lives.    Elevation,  138°'.9003. 

U.  S.  P.  B.  M.  44  is  center  of  horizontal  copper  bolt  set  in  solid  bluff  rock  facing 
northwest  abont  900  meters  south  of  Martin's  Landing,  and  about  1,300  meters  north 
of  Miller's  Landing,  Calhoun  Co.,  111.  It  is  about  500  meters  below  a  dwelling-house. 
Hie  bolt  ia  in  the  upx>er  stratum  of  exposed  rock.    Elevation^  138™.7765. 
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U.  8.  P.  B.  M.  45  18  ceDtei'  of  horizontal  copper  bolt  leaded  in  solid  blnff  rook  at 
Thomas'  Landing,  Calhoun  Co.,  111.  The  bolt  is  between  the  east  end  of  the  coke 
fnrnaoe  and  the  river,  and  abont  40  meters  above  the  trestle-work  of  the  coal  mine. 
Elevation,  137«».0149. 

U.  S.  P.  B.  M  46  is  center  of  copper  bolt  leaded  horizontally  in  the  west  end  of  solid 
rock  at  the  sonthem  edge  of  cultivated  field,  20  meters  from  water's  edge  at  high 
water,  335  meters  west  of  Frank  Herohmeyer's  dwelling-house,  and  one  mile  below 
Dixon's  Landing,  Calhoun  Co.,  111.    Elevation,  144».6715. 

U.  8.  P.  B.  M.  47  is  center  of  copper  bolt  leaded  horizontally  in  solid  blnff  rock  abont 
12  meters  above  water  edge,  at  nigh  water,  350  meters  north  of  Point  Landing,  25 
meters  north  of  small  stone  ice- house  belonging  to  Joseph  Navar,  about  5  meters  be- 
low top  of  bluff  rock,  and  about  250  meters  northeast  of  Joseph  Navar's  dwelling- 
honse^  in  Calhoun  Co.,  HI.    Elevation,  137».8355. 

DBSCBipnOK  OF  FSBMANBIiT  BBNCH-MABKB  BKTWBSN  KSOKUK,  IOWA,  A2n>  FULTON, 

ILL. 

U.  8.  P.  B.  M.  1  is  top  of  copper  bolt  leaded  vertically  in  coping  of  west  wall  of 
sluice-way  at  south  end  of  middle  canal  lock,  2  miles  above  Keokuk,  Iowa.  Eleva- 
tion, 158».a537. 

U.  8.  P.  B.  M.  2  is  top  of  brass  bolt  leaded  vertically  in  top  of  coning  of  west  wall 
near  southwest  tower  of  guard-lock  at  Nashville,  Iowa.  Marked  U.  8.  P.  B.  M.  Ele- 
vation, 160B.8893. 

U.'  8.  P.  B.  M.  3  is  at  Montrose,  Iowa.  It  is  center  of  hole  in  copper  bolt  leaded  hori- 
zontally in  upper  foundation  stone  of  brick  store  building  on  south  corner  of  Main 
and  Cedar  streets.  It  is  on  the  east  side,  3  feet  from  north  corner.  Marked  U.  8.  P. 
B.M.    Elevation,  167».7402. 

U.  8.  P.  B.  M.  4  is  top  of  copper  bolt  leaded  vertically  in  top  of  west  end  of  south 
abutment  of  C,  B.  &  Q.  R.  R.  bridge  over  Painter  Creek,  1  mile  south  of  Viele  Station, 
Iowa.    Marked  U.  8.  P.  B.  M.    Elevation,  17in.6681. 

U.  8.  P.  B.  M.  5  is  top  of  copper  bolt  leaded  vertically  in  northeast  comer  stone  of 
middle  pier  of  C,  B.  ^  Q.  R.  K.  bridge  over  Little  Devil's  Creek,  one-half  mUe  south  of 
Viele  Station,  Iowa.    Marked  U.  8.  P.  B.  M.    Elevation,  169».6603. 

U.  8.  P.  B.  M.  6  is  top  of  copper  bolt  leaded  verticallv  in  top  of  stone  abutment  of 
C,  B.  &  Q.  R.  R.  bridge  over  Devil's  Creek,  one-half  mile  north  of  Viele  Station,  Iowa. 
Marked  U.  8.  P.  B.  M.    Elevation,  171".3714. 

U.  8.  P.  B.  M.  7  is  at  Fort  Madison,  Iowa.  It  is  top  of  copper  bolt  leaded  vertically 
in  water-table  of  the  Central  Hotel  on  Front  Street,  near  the  depot.  It  is  near  the 
center  of  the  building  on  the  south  side.    Marked  U.  8.  P.  B.  M.    Elevation,  168B.9910. 

U.  8.  P.  B.  M.  8  is  at  Fort  Madison,  Iowa.  It  is  center  of  hole  in  copper  bolt  set 
horizontally  in  middle  of  west  side  of  brick  chimney  of  wooden- ware  factory  on  north- 
east comer  of  Front  and  Broadway  streets.  Bolt  is  3  feet  above  base  of  chimney. 
Building  owned  by  W.  H.  Crotzinger.    Marked  U.  8.  P.  B.  M.    Elevation,  170».5628. 

U.  S.  P.  B.  M.  9  is  on  brick  house  of  James  Gibbs,  4  miles  above  Fort  Maidison,  Iowa. 
It  is  center  of  hole  in  copi>er  bolt  leaded  horizontally  in  top  foundation  stone  on 
south  side,  3  feet  from  southeast  corner.  House  stands  about  150  meters  west  of  C, 
B.  &  Q.  R.  R.  track.    Marked  U.  8.  P.  B.  M.    Elevation,  172».490B. 

U.  8.  P.  B.  M.  10  is  on  east  abutment  of  C,  B.  &  Q.  R.  R.  bridge  over  Skunk  River,  9 
miles  north  of  Fort  Madison,  Iowa.  It  is  top  of  copper  bolt  leaded  vertically  in  north 
end  of  abutment.    Marked  U.  8.  P.  B.  M.    Elevation,  173™.  1240. 

U.  8.  P.  B.  M.  11  is  on  stone  building  known  as  Patterson's  grocery,  3^  miles  south  of 
Burlington,  Iowa,  on  south  side  of  C.,  B.  &  Q.  R.  R.  It  is  center  of  hole  in  copper 
bolt  set  horizontally  on  north  side,  near  northerst  comer,  2^  feet  from  the  ground. 
Marked  U.  8.  P.  B.  M.    Elevation,  170°'.7091. 

U.  8.  P.  B.  M.  12  is  2i  miles  south  of  west  end  of  Burlington  R.  R.  bridge,  in  natural 
rock,  on  line  of  C,  B.  db  Q.  R.  R.  It  is  700  meters  south  of  trestle  near  saw-mill,  is  4 
meter  from  centre  of  track  and  i  meter  above  track.  It  is  center  of  hole  in  copper 
bolt  leaded  horizontally  in  base  of  limestone  bluff  near  end  of  cut.  Marked  U.  8.  P. 
B.M.    Elevation,  168°>.1657. 

U.  8.  P.  B.  M.  13  is  on  north  end  of  west  abutment  of  the  C,  B.  db  Q.  R.  R.  bridge  over 
Misrtssippi  River  at  Burlington,  Iowa.  It  is  top  of  copper  bolt  leiebded  vertically  in 
abutment.    Marked  U.  8.  P.  B.  M.    Elevation,  171n.396d. 

U.  8.  P.  B.  M.  14  is  on  north  end  of  east  abutment  of  same  bridge.  It  is  top  of  copper 
bolt  leaded  vertically  in  abutment.  Marked  U.  8.  P.  B.  M.  Mackenzie  B.  M.  49  is  on 
same  abutment,  and  is  6  millimeters  above  U.  8.  P.  B.  M.  14.    Elevation,  171".4352. 

U.  8.  P.  B.  M.  15  is  on  east  abutment  of  C,  B.  &  Q.  R.  R.  bridge  over  Prairie  Slough, 
about  2  miles  above  the  east  end  of  bridge  across  the  Mississippi  River  at  Burlington. 
It  is  top  of  copper  bolt  leaded  vertically  in  north  end  of  abutment.  Marked  U.  8.  P. 
B.M.    Elevation,  167».6764. 

U.  8.  P.  B.  M.  16  is  on  north  end  of  west  abutment  of  trestle  No.  59,  about  4^  miles 
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north  of  the  east  end  of  the  Borlington  bridge,  on  the  line  of  the  C,  B.  db  Q.  B.  R. 
It  is  top  of  copper  bolt  leaded  vertically  in  abatment.  Marked  U.  S.  P.  B.  M.  £leya- 
tiou,  168".  1635. 

U.  S.  P.  B.  M.  17  is  on  Robt.  Moir's  brick  store  bnildinir  at  Oqnawka,  111.  It  is  center 
of  hole  in  copper  bolt  leaded  horizontally  in  stone  piUar  at  southwest  corner,  about 
2  feet  above  the  water-table.  The  bnildine  stands  on  the  northwest  comer  of 
Schnyler  aod  Second  streets,  and  is  also  used  for  the  Journal  office.  Marked  U.  S. 
P.  B.  M.    Mackenzie  B.  M.  48  is  on  step  of  same  building.    Elevation,  169».5262. 

U.  8.  P.  B.  M.  18  is  on  brick  building  on  the  southeast  comer  of  Third  and  Schuyler 
streets,  at  Oqoawka,  111.  It  is  center  of  hole  in  copper  bolt  set  horizontally  on 
west  side  of  northwest  comer,  2^  feet  above  the  ground.  Marked  U.  S.  P.  B.  M.  Ele- 
vation, 173».1367. 

U.  S.  P.  B.  M.  19  is  on  brick  building  on  the  northwest  comer  of  Main  and  Second 
streets,  Keithsbnrg,  111.  It  is  top  of  copper  bolt  leaded  vertically  in  stone  step  on 
the  sooth  side  of  the  building,  and  marked  U.  S.  P.  B.  M.  The  building  is  owned  by 
Mr.  Parsons,  and  used  for  a  furniture  store.    Elevation,  170™.6252. 

U.  8.  P.  B.  M.  20  is  on  step  of  Mr.  Rlfe's  brick  dwelling  on  the  northwest  comer 
of  Main  and  Fifth  streets,  Keithsburg,  HI.  It  is  top  of  copper  bolt  leaded  vertically 
?n  the  southwest  comer  of  upper  stone  step  on  south  side  of  nouse,  and  is  not  marked. 
Elevation,  173>°.6488. 

U.  8.  P.  B.  M.  21  is  on  foundation  of  water-tank  2  miles  east  of  New  Boston,  111., 
in  line  of  C,  B.  &  Q.  R.  R.  It  is  center  of  hole  in  copper  bolt  set  horizontally  on 
west  side  of  tank,  under  a  strut,  below  top  of  foundation.  It  is  150  meters  east  of 
covered  railroad  bridge  over  Edwards'  River.  Marked  U.  8.  P.  B.  M.  Elevation, 
175».2e22. 

U.  8.  P.  B.  M.  22  is  on  foundation  of  Keokuk  Northern  Line  Packet  Company's 
warehouse  at  New  Boston,  111.  It  is  center  of  hole  in  copper  bolt  set  horizontally 
in  north  wall  near  the  northeast  comer  in  top  of  stone  foundation,  0.7  meter  from 
ground.    Marked  U.  S.  P.  B.  M.    Elevation,  17^.2639. 

U.  S.  P.  B.  M.  23  is  on  Union  Hotel,  New  Boston,  111.  It  is  center  of  hole  in  copper 
bolt  set  horizontally  in  north  wall,  0.4  meter  from  the  northeast  comer  and  1.1  meters 
from  ground.    Marked  U.  8.  P.  B.  M.    Elevation,  180«.0117. 

U.  &  P.  B.  M.  24  is  on  top  of  southeast  comer  of  stone  foundation  of  tall  chimney  of 
old  saw-mill  at  Port  Louisa,  Iowa.  Mill  n ow  torn  down .  This  is  the  same  bench-mark 
as  Mackenzie  B.  M.  45.    Elevation,  172°'.3074. 

U.  S.  P.  B.  M.  25  is  top  of  stone  set  in  ground  22  meters  south  of  gate  leading  to  Esq. 
Walton's  house,  7^  miles  south  of  Muscatine,  Iowa.  Stono  is  a  height  of  high  water  of 
1651.  is  8  meters  north  of  wagon  road,  and  15  meters  from  edge  of  river  bank.  A 
block  is  set  over  the  stone,  three  marking-stakes  set  3  feet  off.  and  three  small  black 
locust  trees  blazed  near  by.  Stone  is  said  to  have  been  set  by  Major  Allen  several 
years  ago.  Top  of  stone  is  about  1  foot  below  the  surface  of  the  ground.  Elevation, 
172».0010. 

U.  8.  P.  B.  M.  26  is  on  brick  foundation  of  Mr.  E.  Beatty's  dwelling  on  right  bank  of 
river,  about  7  miles  below  Muscatine,  Iowa.  It  is  center  of  hole  in  copper  bolt  set  hori- 
zontally in  east  side  of  northeast  comer  of  foundation.  Marked  U.  8.  P.  B.  M.  Eleva- 
tion, 173«».2544. 

U.  S.  P.  B.  M.  27  is  on  brick  chimney  of  Hershey 's  lower  saw-mill ,  Muscatine,  Iowa.  It 
is  center  of  hole  in  copper  bolt  set  horizontally  on  the  middle  of  the  east  face  of  cbim- 
nev,  about  3  feet  above  ground.    Marked  U.  8.  P.  B.  M.    Elevation,  173°>.8371. 

U.  8.  P.  B.  M.  28  is  on  water- works  chimney,  at  Muscatine,  Iowa.  It  is  center  of  hole 
in  copper  bolt  set  horizontally  in  north  face  of  chimney,  about  l.l  meters  from  the 
ground.    Marked  U.  8.  P.  B.  M.    Elevation,  174".296a 

U.  8.  P.  B.  M.  29  is  on  north  abutment  of  wagon  bridge,  50  meters  north  of  station  at 
Muscatine,  Iowa.  It  is  top  of  copper  bolt  set  vertically  in  northeast  comer  of  abut- 
ment.   Marked  U.  8.  P.  B.  M.    Elevation,  174".4349. 

U.  8.  P.  B.  M.  30  is  on  abutment  of  C,  R.  I.  ds.  P.  R.  R.  bridge,  3  miles  north  of  Musca- 
tine, Iowa.  It  is  top  of  copper  bolt  set  vertically  in  top  of  stono  coping  of  south  end 
of  weet  abutment.    Marked  U.  S.  P.  B.  M.    Elevation,  174».7935. 

U.  8.  P.  B.  M.  31  is  on  abutment  of  C,  R.  I.  &  P.  R.  R.  bridge  over  Sweetland  Creek, 
about  5  miles  north  of  Muscatine,  Iowa.  It  is  top  of  copper  bolt  leaded  vertically  in 
west  end  of  north  abutment.    Marked  U.  8.  P.  B.  M.    Elevation,  174».5547. 

U.  8.  P.  B.  M.  32  is  in  natural  rock  on  line  of  C,  R.  I.  and  P.  R.  R.,  about  6  miles  above 
Muscatine,  Iowa.  It  is  center  of  hole  in  copper  bolt  set  horizontally  in  face  of  rock, 
where  it  has  been  blasted'off  for  railroad  bed.  It  is  4  feet  above  the  track*  20  ft'«t 
north  of  center  of  track,  and  740  meters  west  of  bridge  77.  Marked  U.  8.  P.  B.  M. 
Elevation,  177».1881. 

U.  8.  P.  B.  M.  33  is  on  foundation  of  pottery  owned  by  John  Feasted,  at  Fairport, 
Iowa.    It  is  center  of  hole  in  copper  bolt  set  horizontally  in  west  side,  near  south- 
west comer  of  stone  foundation.    This  pottery  is  about  350  meters  above  railroad 
station  and  near  the  river  bank.    Marked  U.  8.  P.  B.  M.    Elevation,  175».3891. 
5908  EN 100 
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U.  8.  P.  B.  M.  34 18  on  middle  pier  of  bridge  orer  Pine  Cieek,  about  2  miles  north  of 
Montpelier,  Iowa,  on  the  line  of  the  C,  R- 1*  and  P.  R.  R.  It  is  top  of  brass  bolt  leaded 
yertically  in  north  end  of  pier.  Bridge  is  No.  60.  Marked  U.  8.  P.  B.  M.  Elevation, 
17o«.0998. 

U.  8.  P.  B.  M.  35  is  on  south  pier  of  C,  R.  I.  and  P.  R..R.  bridge  No.  52,  I  kilometer 
south  of  Montpelier,  Iowa.  It  is  top  of  brass  bolt  set  vertically  in  west  end  of  pier. 
Marked  U.  8.  P.  B.  M.    Eleyation,  178».2I11. 

U.  8.  P.  B.  M.  35  a  is  on  west  abutment  of  C,  R.  I.  and  P.  R.  R.  bridge  No.  45,  about  ^ 
mile  east  of  the  depot  at  Montpelier,  Iowa.  It  is  top  of  brass  bolt  leaded  yertically 
in  south  end  of  abutment.    Marked  U.  8.  P.  B.  M.  'Eleyation,  175».9233. 

U.  8.  P.  B.  M.  36  is  on  Wro.  Karge's  briok  store  and  post-office  building  at  Buffalo, 
Iowa.  It  is  center  of  hole  in  brass  bolt  leaded  horizontally  in  the  east  side,  near 
southeast  comer,  3  feet  above  the  foundation.  The  building  is  on  the  northwest  comer 
of  Heoker  and  Second  streets.    It  is  unmarked.    Elevation,  178^.4006. 

U.  8.  P.  B.  M.  37  is  on  foundation  of  brick  house  of  Eliza  M.  Dodge,  i  mile  east  of 
Buffalo,  Iowa.  It  is  center  of  hole  in  brass  bolt  set  horizontally  in  upper  foundation 
stone  on  west  side,  near  southwest  comer,  about  1  meter  from  nound.  House  stands 
about  100  meters  north  of  line  of  C. ,  R.  I.  and  P.  R.  R.  Marked  U.  8.  P.  B.  M.  Eleva- 
tion, I79».4660. 

U.  8.  P.  B.  M.  38  is  on  foundation  of  vinegar  works  at  lower  end  of  West  Daven- 
fNort,  Iowa,  near  the  river  bank.  It  is  center  of  brass  bolt  set  horizontally  in  west 
side,  near  the  southwest  comer,  about  0.4  meters  from  ground.  Marked  U.  8.  P.  B.  M. 
Elevation,  179».0291. 

U.  8.  P.  B.  M.  39  is  on  north  abutment  of  Rock  Island  and  Davenport  Railroad 
bridge  over  the  main  channel  of  the  Mississippi  River.  It  is  top  of  copper  bolt  leaded 
vertically  in  coping  of  east  or  upper  side  of  abutment,  on  a  plane  with  the  sidewalk. 
It  is  4.1  meters  from  river  face  of  abutment,  and  O.I  meter  inside  of  railing.  Marked 
U.  8.  P.  B.  M.    Elevation,  I80".8749. 

U.  8.  P.  B.  M.  40  is  on  base  of  stone  tower  of  U.  8.  arsenal  stone  building.  A,  1665, 
at  lower  end  of  Arsenal  Island.  It  is  center  of  hole  in  copper  bolt  leaded  horizontally 
in  east  side  of  northeast  comer,  about  4  feet  from  the  ground.  Marked  U.  8.  P.  B.  M. 
Elevation,  182°'.1139. 

U.  6.  P.  B.  M.  41  is  on  foundation  of  the  Atlantic  Brewery,  near  C.  R.  I.  and  P.  R. 
R.  depot  at  Rock  Island,  Dl.  It  is  center  of  hole  in  copper  bolt  set  horizontally  in 
upper  foundation  stone  on  the  north  side  at  the  northeast  comer.  Marked  U.  8.  P.  B. 
M.    Elevation,  183<».3053. 

U.  8.  P.  B.  M.  42  is  on  south  abutment  of  wagon-bridge  crossing  from  Moline,  HI., 
to  head  of  Rock  Island.  It  is  top  of  copper  bolt  set  vertically  on  east  end  of  abutment. 
Marked  U.  8.  P.  B.  M.    Elevation,  179».5708. 

U.  8.  P.  B.  M.  43  is  on  brick  basement  of  H.  Smith's  dwelling-house  at  Watertown, 
HI.  It  is  center  of  bole  in  copper  bolt  leaded  horizontally  in  the  west  side  near  the 
northwest  comer.  The  house  stands  50  meters  southeast  of  the  C,  M.  and  St.  P.  R. 
R.  depot.    It  is  marked  U.  8.  P.  B.  M.    Elevation,  181».4283. 

U.  8.  P.  B.  M.  44  is  on  brick  school-house  at  Hampton,  Iowa.  It  is  center  of  hole 
in  copper  bolt  set  horizontally  0.5  meters  from  ground  on  east  side  near  southeast 
comer  of  large  new  public-school  building.  It  is  marked  U.  8.  P.  B.  M.  Elevation, 
182».9988. 

U.  8.  P.  B.  M.  45  is  on  stone  foundation  of  Baker  and  Hay  ward's  brick  store  build- 
ing on  levee  at  Hampton,  111.  It  is  center  of  hole  in  copper  bolt  leaded  horizontally 
in  north  side  of  northwest  comer  of  building,  and  is  at  the  H.  W.  mark  of  1880. 
Marked  U.  8.  P.  B.  M.    Elevation,  179»».9437. 

U.  8.  P.  B.  M.  46  is  on  stone  foundation  of  H.  M.  Gilchrist's  brick  store  building  at 
Rapids  City,  111.  It  is  center  of  hole  in  copper  bolt  leaded  horizontally  in  .west  side 
of  northwest  comer,  4  feet  above  ground.  The  building  is  on  the  river  bank.  Marked 
U.  8.  P.  B.  M.    Elevation,  181».8416. 

U.  8.  P.  B.  M.  47  is  on  abutment  of  bridge  of  C,  M.  and  St.  P.  R.  R.  over  Barber's 
Creek,  f  mile  south  of  Port  Byron,  HI.  It  is  top  of  copper  bolt  leaded  vertically  in 
west  end  of  north  abutment.    Marked  U.  8.  P.  B.  M.    Elevation,  16^«.9513. 

U.  8*  P.  B.  M.  48  is  on  foundation  of  Mr.  N.  Dorrance's  brick  store  building  at  Port 
Byron,  HI.  It  is  center  of  hole  in  copper  bolt  leaded  horizontally  in  west  side  of  south- 
west comer  of  stone  foundation,  and  marked  U.  8.  P.  B.  M.  The  building  stands  be- 
tween Main  street  and  the  R.  R.  track,  and  about  75  feet  from  the  river  bank.  Ele- 
vation, 183".4013. 

U.  8.  P.  B.  M.  49  is  on  iron  doorstep  of  new  brick  store  building  of  A.  H.  Wandt  at 
Port  Byron,  111.  It  is  top  of  north  bolt-head  of  front  row  of  bolte  on  south  doorstep 
on  east  side  of  building  on  east  side  of  Main  street.  Bolt-head  marked  with  a  cross 
cut  through  its  center  by  a  cold-chisel.  Marked  U.  8.  P.  B.  M.  on  bricks  below.  El- 
evation, 185°>.2033. 

U.  8.  P.  B.  M.  50  is  on  stone  warehouse  of  Northern  Line  Packet  Co.,  at  Cordova,  HI. 
It  is  center  of  hole  in  copper  bolt  set  horizontally  in  south  side,  near  southwest  cor- 
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Ber,  mad  mftrked  U.  S.  P.  B.  M.  The  warehouae  stands  at  water's  edge,  and  the  bench 
Is  8  meters  below  high-water  mark.  Mackenzie  B.  M.  39  is  on  same  building.  £1- 
•iraiion,  181".  0544. 

U.  S.  P.  B.  M.  51  is  on  stone  foundation  of  Wm.  G.  Marshall's  brick  elevator,  near  C,  M. 
and  St.  P.  B.  B.  depot  at  Cordova,  HI.  It  is  center  of  hole  in  copper  bolt  set  norizontally 
is  north  &ce,  near  northwest  comer,  in  third  comer  stone  from  top  of  foundation. 
Marked  U.  S.  P.  B.  M.    Elevation,  187".  5145. 

U.  8.  P.  B.  M.  52  is  on  foundation  of  brick  store  building  of  Harper  &  Son  at 
Albany,  III.  It  is  center  of  hole  in  copper  bolt  set  horizontally  in  west  side  at  south- 
west comer  of  building,  and  marked  U.  S.  P.  B.  M.  The  building;  is  some  90  meters  from 
river,  and  fronts  on  the  main  business  street  of  the  town.  It  is  almost  directly  back 
of  their  old  brick  storehouse,  now  caving  into  the  river,  on  which  is  Blackenzie 
B.M.37.    Elevation,  187".6990. 

n.  8.  p.  B.  M.  53  is  on  base  of  a  large  shoulder  of  natural  rock  projecting  from  the 
bloif  li  miles  north  of  Albany,  111.  It  is  center  of  hole  in  copper  bolt  leaded  hori- 
sootalJ^  into  the  base  of  cliff  1  foot  above  ^ound  and  about  3.5  meters  above  a 
wagon-road,  and  marked  U.  S.  P.  B.  M.  It  is  15  meters  east  of  wagon-road  and  90 
meten  east  of  C,  M.  and  St.  P.  B.  B.    Elevation,  188".6009. 

U.  8.  P.  B.  M.  54  is  on  abutment  of  C,  M.  and  St.  P.  B.  B.  bridge,  2^  miles  north  of 
Albany,  HL  It  is  top  of  copper  bolt  set  vertically  in  west  side  of  south  abutment. 
Mariusd  U.  8.  P.  B.  M.    Elevation,  182".2995. 

U.  8.  P.  B.  M.  55  is  on  south  abutment  of  bridge  over  Cat  Tail  Creek  of  C,  M.  and 
84.  P.  B.  B.  It  is  top  of  copper  bolt  set  vertic^y  in  top  of  east  end  of  abutment. 
This  bridge  is  just  south  of  the  line  of  the  C,  B.  and  Q.  B.  B.,  and  about  2  miles  south 
of  Fulton,  IlL    Elevation,  183".2978. 

U.  8.  P.  B.  M.  56  is  on  east  end  of  north  abutment  of  C,  M.  and  St.  P.  B.  B.  bridge 
ow  Cat  TaU  Creek,  2  miles  south  of  Fulton,  111.,  and  about  200  meters  south  of 
C,  B.  and  Q.  B.  B.  crossing.  It  is  top  of  copper  bolt  set  vertically  in  top  of  abut- 
ment.   Elevation,  183".6809. 


C  1. 


BXFOirr   OF   Afl0I0TANT   BKOIMBSB   L.    L.  WHBELER,  UPON   CUMUIATZVB   XBROB8    III 

PRBCISB  LEYBLINO. 

Baikt  Louis,  October  6, 1883. 

Sm:  I  have  the  honor  to  submit  the  following  report  upon  the  results  of  investi- 
gations of  the  subject  of  cumulative  errors  in  leveling. 

This  investiKation  was  Commenced  some  time  since,  and  an  incomplete  report  made 
upon  the  results  obtained,  with  the  intention  of  completing  the  report  wnen  addi- 
tional data,  which  was  being  reduced,  should  be  available.  In  the  meantime,  con- 
■tderable  additional  field-work  has  been  done,  under  instractions  from  yourself  to 
eonduet  the  operations  in  such  a  manner  as  to  throw  additional  light  upon  the  sub- 
Jeet.  The  notes  of  this  work  have  been  reduced,  and  the  results  show  either  that 
ibis  discussion  has  had  a  practical  value  in  avoiding  operations  which  introduced 
snmmative  eirors  in  the  work,  or  that  the  observers  nad  attained  a  proficiency  not 
previously  shown. 

The  preliminary  roport  has  been  read  by  those  interested  in  the  subject,  some  cor- 
rections have  been  noted,  and  some  sharp  criticisms  made.  I  have,  therefore,  in  writ- 
ing this  report,  had  the  advantage  of  these  facts  and  the  additional  data  at  hand,  and 
have  endeavored  to  show  moro  clearly  that  the  results  of  leveling  operations  may 
be  affBcted  by  such  large  cumulative  errors  as  to  make  them  unreliable,  and  that  these 
onmulattve  errors^ay  be  avoided  by  proper  care  in  the  field-work. 

Tlie  fact  that  errors  appear  in  the  results  of  leveling  which  aro  nearly  constant  in 
sign  and  amount,  has  nequently  been  noticed,  and  various  theoriea  have  been  ad- 
vanced to  suit  the  various  examples.  In  this  discussion  I  have  endeavored  to  ascer- 
tain some  general  law  to  apply  to  all  the  data  at  hand.  I  have  first  analyzed  the 
data  and  arranged  it  in  such  a  manner  as  to  bring  together  results  obtained  under 
conditions  to  alfow  of  their  beins  classed  together.  I  have  then  plotted  the  results 
to  show  moro  clearly  the  basis  of  my  assumption  of  the  general  law  from  a  study  of 
the  eorves  thus  formed.  I  have  then  applied  the  law  to  the  examples  obtained  from 
the  results  of  leveling  alons  the  Mississippi  Biver,  and  by  the  method  of  least 
aquarca  obtained  values  of  uie  unknown  quantities  which  evidentlv  are  near  the 
tmUi.  I  have  even  pointed  out  how,  sometimes,  from  the  results  of  the  levels  them- 
selves a  eomotion  to  the  final  result  is  shown  to  be  necessary,  and  the  probable  value 
of  that  correction. 

The  only  absolute  control  that  can  be  obtained  upon  the  results  of  levelings  is  to 
have  the  levels  rotnra  to  the  starting  point,  or  to  level  in  a  polygon.  We  may,  how- 
evar,  consider  any  line  leveled  by  the  same  observer  in  opposite  dirootions  to  be  a 
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polygon,  and  the  error  of  closing  npon  the  starting  point  is  the  sum  of  all  the  enron 
committed  in  leveling  the  polygon. 

Should  it  happen  that  an  observer  had  closed  but  a  single  polygon,  we  wonld  be  in 
doubt  whether  the  error  of  closure  was  due  to  accidental  errors  or  to  some  general 
law,  unless  we  had  additional  evidence  in  the  case.  If,  however,  an  observer  had 
leveled  a  great  number  of  polygons,  and  the  errors  of  closure  showed  a  preponderance 
in  one  direction,  both  in  sign  and  amount,  the  existence  of  some  law  of  the  distriba* 
tion  of  errors  of  that  observer  would  be  revealed.  At  the  same  time  it  mast  be  re- 
membered that  the  results  are  also  affected  by  accidental  errors,  to  which  all  obser- 
vations are  subject,  which  in  any  particular  case  may  be  so  large  as  to  apparently 
exempt  the  observation  from  the  general  law.  In  a  series  of  observations,  however, 
the  accidental  errors  will  be  nearly  counterbalancing,  while  the  existence  of  a  gen- 
eral law  will  become  more  evident  as  the  series  is  extended.  It  frequently  happens, 
too,  in  a  number  of  consecnti ve  observations  of  any  kind,  that  the  arrangement  of  the 
accidental  errors  will  be  such  as  apparently  to  poiut  to  some  law  of  distribntion,  bat 
which  is  disproven  on  the  series  of  observations  being  further  extended.  In  this  dis- 
cussion only  extended  series  of  observations  have  been  used  to  base  conclusions  upon, 
less  extended  series  having  been  given  only  to  make  some  portions  of  the  discossion 
complete. 

In  order  to  more  clearly  show  the  presence  of  cumulative  errors  in  the  examples 
here  eiven,  the  sums  of  the  errors  have  been  taken  at  each  point  in  the  line  and  plotted 
as  ordinates,  with  the  distance  from  the  starting  point  as  abscissas. 

By  this  arrangement,  however,  when  a  number  of  consecutive  accidental  eiroxB 
have  the  same  sign,  the  result  has  been  to  move  the  curve  to  one  side  of  the  mean 
line  and  allow  it  to  remain  there  until  the  effect  has  been  counterbalanced  by  acci- 
dental errors  of  the  opposite  sign.  This  fact  will  explain  the  sinusoidal  form  which 
some  of  the  curves  take.  This  must  be  true  to  a  greater  or  less  extent  in  any  series 
of  observations  where  the  errors  are  continually  summed,  as  has  been  the  ease  nere. 

What  has  been  said  in  regard  to  a  single  observer  leveling  lines  in  opposite  dlieo- 
tions,  showing  the  presence  of  cumulative  errors,  is  also  true  of  different  obsorveis 
leveling  the  same  hues;  but,  in  the  latter  case,  only  the  relative  errors  would  be 
shown,  unless  each  closed  tbe  polvgons.  An  example  is  given  on  page  425  of  *'  Nk>eUe^ 
meni  de  Pr^dsion  de  la  Suisse,"  of  two  observers  having  leveled  the  entire  perimeter 
of  a  polygon  of  275  kilometers  in  opposite  directions.  The  polygon  has  4  sides,  and  is 
divided  bv  bench-marks  of  the  first  order  into  40  sections.  The  discrepancies  between 
the  two  observers'  results  on  these  sections  are  30  positive,  6  negative,  and  2  equal  to 
zero,  and  the  total  discrepancy  between  the  two  observers  at  the  end  is  -|-247™™.8, 
If  there  were  no  additional  evidence,  the  means  of  the  results  obtained  by  the  two 
observers  would  be  accepted  as  the  most  probable  values,  but  in  this  case  we  have 
additional  evidence.  The  first  observer  closed  the  polygon  with  219™™.2  too  great  an 
elevation,  and  the  second  with  an  elevation  also  too  great  by  28°^°'.6.  The  mean  of 
the  results  of  the  two  observers  failed  to  close  the  polygon  by  95™™. 3 ;  or  the  second 
observer's  result  was  nearer  the  truth  than  the  mean  of  both.  It  is  evident,  then, 
that  the  discrepancy  between  the  two  observers  is  mainly  caused  by  errors  of  the 
first  observer,  and  that  whatever  system  of  adjustment  may  be  applied  to  this  poly- 
gon, the  first  observer's  results  must  receive  larger  corrections  than  those  of  the  sec- 
ond. It  is  evident  also  that  the  causes  of  the  first  observer's  errors  were  in  operation 
dnrine  the  leveling  of  nearly  the  whole  polygon. 

On  Plate  I,  is  given  a  plot  of  the  discrepancies  between  the  north  and  south  lines 
leveled  bv  Assistant  J.  A.  Paige  between  Columbus  and  Memphis,  and  between  Friar's 
Point  and  Prentiss. 

The  lines,  the  results  of  which  are  there  plotted,  are  not  consecutive,  but  are  scat- 
tered along  throughout  the  entire  distance,  which  is  about  404  kilometers.  They  are 
taken,  however,  in  the  order  in  which  they  occur.  The  abscissas  are  twice  the  sums 
of  the  lengths  of  the  lines,  or  the  sums  of  the  perimeters  of  the  polygons,  and  the  ordi- 
nates are  the  sums  of  the  differences  between  north  and  south  ievelings.  The  dotted 
line  is  a  mean  line  put  in  by  inspection,  and  the  broken  line  is  the  mean  line  deter- 
mined by  the  least  square  reduction.  The  two  lines  represent  different  equations. 
Tbe  points  plotted  in  on  dash-and-dot  line  are  the  actual  residuals  of  the  observation 
equations,  and  may  be  said  to  represent  the  accidental  errors  of  observation. 

On  Plate  II,  is  given  a  plot  of  the  discrepancies  between  north  and  south  lines  lev- 
eled by  L.  L.  Wheeler,  between  Austin  and  Friar's  Poiut,  Miss.  The  explanation  given 
above  applies  to  this  section,  except  that  in  this  example  the  lines  are  consecutive. 

On  Plate  III,  is  given  a  plot  of  discrepancies  between  north  and  south  lines  leveled  by 
Assistant  O.  W.  Ferguson  in  part  of  the  line  from  Grafton  to  Cairo,  111.  The  lines 
are  not  consecutive,  but  are  taken  in  the  order  in  which  they  occur.  There  were  mors 
lines  leveled,  but  the  results  do  not  show  any  accumulation  of  error,  and  are  not  here 
given.  No  attempt  has  been  made  to  put  in  a  mean  line,  as  it  is  evident  that  a  straight 
line  would  not  answer  the  purpose. 

It  is  probable  that  tbe  change  in  rate  of  accumulation  of  error  is  due  cither  to 
changes  in  methods  of  observing  or  to  changes  in  circumstances  under  which  the 
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work  was  done:  and,  as  these  changes  conld  not  now  be  accnrately  determined,  no 
discQsaion  of  this  example  has  been  attempted.  It  may  be  noticed,  however,  that 
the  eiTors  increase  faster  than  the  distances,  while  the  previously  accepted  theory  has 
been  that  they  shonld  increase  with  the  square  root  of  the  distances.  That  is,  theory 
would  make  the  curve  concave  toward  the  axis  of  abscissas,  while  in  reality  it  is 
eonvex. 

On  Plate  lY,  is  given  a  plot  of  discrepancies  between  results  of  levels  by  J.  A.  Paige 
and  B.  D.  Frost,  over  lines  in  the  same  direction  between  Columbus  and  Memphis  and 
Friar's  Point  and  Prentiss.  The  lines  are  not  consecutive,  but  are  in  the  order  in 
which  they  occur. 

On  Plate  y^  is  given  a  plot  of  discrepancies  between  results  of  levels  by  J.  B.  John- 
son and  O.  W.  Ferguson  over  lines  in  opposite  directions  of  a  portion  of  the  line  from 
Keokuk  to  Orafton.  The  lines  given  are  consecutive.  The  remaining  portion  of  the 
line  shows  no  accumulation  of  errors,  and  is  not  here  given.  The  point  at  which  the 
divergence  between  the  two  observers  commences  is  110^^.46  from  the  starting  point, 
and  the  divergence  continued  for  110  kilometers. 

Hitherto  allattempts  to  arrive  at  a  value  of  the  precision  of  levels  have  been  based 
on  the  assumption  that  the  errors  increase  with  the  square  root  of  the  distance 
leveled.  This  assumption  would  be  true  if  accidental  errors  were  the  only  ones  made, 
and  if  the  number  of  observations  were  strictly  proportional  to  the  distance  leveled. 
Limitations  of  discrepancies  between  results  in  instructions  for  precise  leveling  have 
been  based  on  the  same  principle,  and  are  open  to  the  same  objection.  It  has  fre- 
quently been  noticed  that  whUe  the  result-s  of  each  of  a  number  of  lines  leveled  were 
well  within  limits  which  were  prescribed  to  be  in  proportion  to  the  square  root  of  the 
distance,  yet  when  the  sum  of  several  lines  was  considered,  the  total  discrepancy 
would  exceed  the  limit  prescribed.  In  other  words,  the  errors  were  not  proportional 
to  the  square  root  of  the  distances  and  did  not  follow  the  law  of  distribution  of  acci- 
dental errors.    Pins  and  minus  errors  were  not  equally  prevalent. 

This  fact  is  conclusively  shown  by  results  given  on  the  plots  referred  to.  Numer- 
ous examples  of  this  unequal  distribution  of  errors  maybe  found  in  published  reports 
of  the  U.  S.  Lake  Survey,  and  in  the  results  of  levels  in  Switzerland,  Germany,  and 
British  India. 

An  examination  of  the  several  plots  shows  that  the  results  there  given  are  affected 
by  cumulative  errors,  that  these  errors  varv  in  sign  and  amount  with  different  observ- 
ezs,  and,  vrith  the  exception  of  that  on  Plate  III,  that  they  are  nearly  if  not  quite  pro- 
portiomal  to  the  distance  leveled.  Theoretically,  if  the  results  of  levels  were  affected  by 
a  constant  error,  the  effect  of  that  error  would  be  proportional  to  the  number  of 
observations  or  instrument  stations;  but  these  are  so  nearly  proportiona  to  the  dis- 
tance for  any  one  observer,  that  the  distance  has  been  substituted  for  the  number  of 
observations  in  this  discussion.  Since  the  cumulative  errors  vary  with  different  ob- 
servers, they  have  been  called  personal  errors. 

From  a  study  of  all  the  reliable  levels  at  hand,  we  are  led  to  believe  that  the  error 
of  closing  a  polygon  is  made  up  of  two  parts :  First,  a  constant  error  which  is  propor- 
tlonal  to  the  perimeter,  and  may  be  determined  with  more  or  less  precision  from  all 
the  polygons  leveled ;  and,  second,  the  sum  of  the  accidental  errors  to  which  all  ob- 
servations are  subject.  Having  made  this  assumption,  what  follows  are  but  logical 
eonolusions  from  it,  and  the  proof  of  the  assumption  will  lie  in  the  results  obtained 
when  applied  to  practical  examples. 

Now,  let  2  K=equal  the  perimeter  of  a  polygon, 
f»— ffsthe  error  of  closing  the  polygon, 
«=the  personal  error  of  the  observer, 
and  v=the  sum  of  the  accidental  errors  in  the  polygon. 

Then  each  polygon  would  give  an  equation  of  the  form 

(1)  2Kx—(nr^)=zv 

and  from  all  the  equations  we  would  obtain  the  normal  equation 

(2)  [4  B?]  a?— 12  K  (n-8)1  =  o. 

In  the  same  manner,  if  two  observers  have  leveled  the  same  lines,  we  may  obtain 
their  lealative  personal  equation.  If  they  have  leveled  the  lines  in  the  same  direction, 
we  obtain  the  difference  of  their  personal  errors,  and,  if  in  opposite  Erections,  the 
SQjn  of  their  personal  errors. 

If  we  let  0/  represent  the  relative  personal  equation  of  the  two  observers,  then  each 
line  leveled  would  give  an  equation  of  the  form 

(3)  Kx'  — (n-»)  =  « 

in  which  K  equals  length  of  line,  and  (n—^^  discrepancy  between  results.  From  all 
the  lines  leveled  we  would  obtain  the  normal  equation 

(4)  [K»]x'-[K(n-Hr)]=0 

Since  in  equations  (2)  and  (4)  there  is  but  one  unknown  quantity  in  each  case,  the 
eoefflcients  [4  K>]  and  [K^]  are  the  weights  of  the  unknown  quantities.  From  this  we 
see  that  the  personal  error  of  a  single  observer,  duplicating  his  work  in  opposite  di- 
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reotionSy  can  be  determined  with  fonr  times  the  precision  that  the  relative  personal 
equation  of  two  observers  can  be  obtained  from  the  same  lines  leveled  once  by  each 
observer.  In  the  case  of  a  single  observer,  the  sign  of  the  error  is  determined,  and 
the  error  eliminated  from  the  mean  of  results  in  both  directions,  while  with  two  ob- 
servers we  are  in  ignorance  as  to  the  sign  aud  amonnt  of  the  error  made  by  each,  and 
hence,  of  the  error  remaining  in  the  mean,  nnless  we  have  additional  evidence.  From 
this  we  arrive  at  the  practical  conclnsion  that  Mok  ob§erver  skoaM  duplUxUe  ki§  aum 
ioork  in  opposite  ^rectionB. 

Having  obtained  the  volne  of  x  (or  a/)  from  equations  (2)  or  (4)  and  substituted  it 
in  the  several  equations,  the  several  values  of  v  are  obtained. 

Let  ro  =  probable  error  of  a  single  observation  upon  the  value  of  s, 

[vr]  =:  sum  of  the  squares  of  the  several  values  of  v, 

m  =  number  of  observations  =  number  lines  leveled. 

(6)  Then,  ro  =  ±  0.6745   /I^ 

Having  found  ro  we  may  compute  the  probable  error  of  the  unknown  quantity  by 
the  formulas 

(^)  ^'  "^^-TZ. ,  pn  being  the  weight  of  x. 

Vp 

The  formuliB  obtained  above  relate  to  either  (2)  or  (4),  bnt  what  follows  relates  to 
(2)  alone.  Since  the  several  values  of  v  represent  the  accidental  errors  of  observa- 
tions, and  as  these  are  proportional  to  the  square  root  of  the  number  of  observations, 
we  have,  letting  n,  its,  ns,  &c.,  represent  the  number  of  observations  (instrument 
stations.) 

^Wl gaPg ^^f   •         ^xifim 

Hi  Ha  H3  ''  Hm 

Since,  however,  in  any  particular  case,  the  values  of  n  will  be  very  nearly  proportional 
to  the  distances,  we  may  write 

IP1  t?i  __^  f?4  «a gflga   A.^  ^m  Pm 

2Ki-2Ka-2K,'  2K„ ' 

The  expressions  ^^\  ^-=P?,  &c.,  represent  the  squares  of  the  errors  of  closing  of 

olygons  whose  i>erimeters  equal  unity,  which  is  here  taken  as  one  kilometer.  To 
nd,  then,  the  probable  error  of  closing  a  polygon  whose  perimeter  ec^uals  one  kilo- 
meter, or  what  is  the  same  thing,  the  probable  error  of  a  single  leveling  per  kilome- 
ter, we  have 

(7)  r=±0.e745^J.[^.] 

r  mav  be  taken  as  a  measure  of  the  precision  of  an  observer's  work,  but  In  compar- 
ing different  observers'  work  it  should  be  remembered  that  the  relationof  « to2Kmay 
be  quite  different  for  different  observers. 

One  observer  may  make  his  observations  under  such  conditions  as  to  necessitate  in 
the  mean  12  instrument  stations  per  kilometer,  and  the  other  may  only  mike  6  in- 
strument stations  in  the  same  distance. 

r  being  the  probable  error  of  a  single  leveling  per  kilometer,  the  probable  error  of 

r 
the  mean  of  two  levelings  would  be  77='  andtheprobableerror  of  the  difference 

of  elevation  of  two  bench-marks  at  the  ends  of  a  section  consisting  of  i»  lines  whose 
aggregate  length  was  [K]  would  be 

The  above  formulas  have  been  applied  to  the  results  of  the  levels  along  the  Missis- 
sippi River,  which  now  extend  from  Biloxi,  Miss.,  on  the  Gulf  of  Mexico,  to  Fulton, 
111.,  a  distance  of  2,100  kilometers.    The  results  will  be  taken  up  in  sections  as  they 


*  The  above  fonnalie  for  compQilng  the  ralnoa  of  r  and  R  are  identical  in  form  with  those  gireii  in 
**  PrSciaion-Kevellement  der  Elbe,"  bat  -were  deduced  by  the  wrUer  before  he  was  aware  that  the  same 
formolas  had  proTionsIy  been  obtained.  Their  use  here,  however,  is  restricted  to  ezamples  where  the 
leveling  has  been  performed  hy  the  tame  obeerver  in  oppoiite  dxreetionM  ond  the  personal  error  eliminated 
from  the  resalts.  It  is  not  belioTed  that  the  formoffle  for  computing  probable  errors  are  applicable  to 
the  resalts  of  levels,  except  that  the  above  conditions  are  falnlled.  The  formnlie  for  personal  error 
and  the  method  of  treating  the  resalts  in  order  to  arrive  at  aa  eaUmate  of  the  predaion  of  the  work  is 
believed  to  be  new. 
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wero  leveled,  bat  it  will  not  be  neeeasary  to  give  fall  explanations  in  every  case.  As 
it  sometimes  happens  that  more  than  one  result  is  obtained  in  one  or  both  directions, 
the  uniform  rale  nas  been  adopted  of  combining  the  mean  of  the  results  in  one  direc- 
tion with  the  mean  of  the  results  in  the  oUier.  The  unit  of  length  is  one  kilometer, 
and  the  unit  of  vertical  measurement  is  one  millimeter.  The  equations  have  been  so 
arran||[ed  that  the  values  of  x  have  the  signs  of  corrections ;  when  positive  the  closing 
elevation  is  too  low,  and  when  minus  too  high. 

PBSdSK  LEVKIS  FROM  AUSTIN  TO  FBIAB'S  POINTj  HISS. 

This  section  is  43  kilometers  in  length,  and  the  results  of  the  leveling  are  published 
in  the  Report  of  the  Chief  of  Engineers  for  1879,  page  1944.  All  lines  were  leveled 
in  opposite  directions  an  equal  number  of  times  by  the  same  observer,  and  the 
conditions  under  which  the  work  was  done,  aside  from  changes  of  weather,  may  be 
said  to  have  remained  nearly  the  same  throughout.  An  examination  of  the  table  of 
resnlta  shows  19  positive  and  9  negative  discrepancies,  and  one  equal  to  zero.  The 
sum  of  the  positive  discrepancies  exceeds  the  sum  of  the  negative  by  +  36»™.3.  The 
sum  of  the  positive  discrepancies  is  +  47"^">.6,  and  their  mean  size  -f  2™°.50,  and  the 
sum  of  the  negative  discrepancies  — 11™"^.3  and  their  mean  size  ^  l™'».26b  It  is  evi- 
dent the  discrepancies  are  quite  unequally  distributed,  both  with  regard  to  sign  and 
amount. 

Treating^  the  results  of  this  section  by  the  method  previously  explained,  we  obtain 
the  following  values: 

3S8.32«-- 164.05  3=0 

s=  +  0»«  50  -t  0«»«.083 

[W]a:  + 138.06 

ro  =  ±X»».60 

r«  =  ±0"«.083 

r«±0««i.88 

R  =  J.4">«.04 

T6  express  these  results  in  words,  we  would  saythat  this  observer  makes  elevations 
too  low.  as  he  advances  by  +  0»™.050  jb  0"n™.083  per  kilometer,  that  the  probable 
error  oi  a  single  leveling  was  J^  0™™.86  per  kilometer,  and  that  the  probable  error  of 
the  difference  of  elevation  between  Austin  and  Friar's  Point  was  ::|:4^.04.  The  nu- 
merical work  of  obtaining  these  results  is  given  on  page  28. 

PBECISK  I.EVXLS  FBOM  COLUMBUS,  KT.,  TO  MEMPHIS,  TKNK.,  AND  FROM  FBIAB'S  P0»T 

TO  PRBNnSS,  MISS. 

These  two  sections  include  about  404  kilometers,  and  were  leveled  by  the  same  ob* 
serversy  with  the  same  purty  and  outfit,  during  the  same  field  season,  and  are  here 
treated  as  one  section. 

The  manner  of  doine  the  work  was  (}uite  varied ;  sometimes  an  observer  duplicated 
his  work  in  opposite  directions,  sometimes  in  the  same  direction,  either  north  or  south, 
and,  affain,  two  observers  woidd  level  the  same  lines,  in  the  same  direction,  or  in  op- 
posite alrections.  This  section,  then,  furnishes  us  with  examples  of  all  the  combina- 
tions of  observers  possible,  and  is,  therefore,  a  valuable  one  for  this  discussion.  The 
field  work  was  done  between  November  4, 1879,  and  April  22, 1880.  As  examples*  of 
each  combination  are  scattered  along  throughout  the  entire  distance,  the  separate 
lines  have  been  numbered  consecutively  from  Columbus  and  Friar's  Point,  the  latter 
numbers  being  distinguished  by  accents. 

The  following  exhibits  in  tabular  form  the  results  of  leveling  this  section : 


ObMrvers. 

j 

Kamber  of 

Sam  of 

MeansiMof 
discrepajiciM. 

yalne«  of 
sands'. 

+ 

- 

Toua. 

+ 

- 

TotiO. 

+ 

J.A.VwigB 

km, 

•ee.7 

*23.4 

•ia4 

t21&8 

•22.0 

f5.3 

80 
7 
2 
26 
11 
1 
0 

7 
11 
7 

95 
3 
8 
6 

46 
18 
0 

-f32&*0 

mm. 
—  20.1 

mm. 
+30&8 
-1-10.0 

—  81.6 
-490.8 
+  65.1 
-26.2 

—  21.9 

1 

mm. 

^ass 

5.83 
-2.40 
-8.72 
-6.95 
-3.00 
0.0 

mm, 
—2.87 
-4.88 
—5.19 
—6.21 
-3.80 
-a  73 
-4  38 

mm. 
+2.ai±0.1B 

B.I>.F^ 

+  37.3  1—48.2 
I    4.  fi  1—  as.  a 

— O.S3±0.86 

B.H.SMikee 

—0.81  ±0.21 

PMce->Fn>st 

120   -i-  ©iQ  1-680.7 

15  I4.  78. 5  '—  1L4 

4-2.02^0.16 

Pftifse+Frosi 

-|-1.47i:0.74 

Paig»-S«ikee 

Storens-Frmt 

4 
6 

+    8.0 
0.0 

—  29.2 

—  21.9 

-fai2±1.88 
•f4.70±a71 

*  Leveled  in  oppoeite  direcUona.       t  Leveled  in  same  dlreotioBS. 
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Tbe  first  observer  makes  elevations  too  low  as  he  advances  by  -f  ^™*ll:t0^'"*18  per 
kilometer,  and  makes  elevations  lower  than  the  second  observer  when  leveling  in  the 
same  or  opposite  directionSi  and  also  lower  than  the  tbird  observer  when  leveling  in 
the  same  direction.  We  have  so  many  observations  on  this  point  that  it  cannot  be 
doubted  that  this  observer's  results  were  affected  by  an  error  which  remained  very 
nearly  constant  throa^hoat  the  entire  season,  and  where  the  error  has  not  been  elim- 
inated by  his  leveling  in  both  directions,  that  a  correction  to  his  results  Is  necessary, 
llie  sigD  of  the  correction  is  certain,  ana  we  may  consider  that  a  dose  approximation 
to  the  amount  of  the  correction  has  been  obtained  from  the  46  equations  of  condition 
obi  allied  from  lines  leveled  in  opposite  directions.  This  correction  applied  to  the  part 
between  Columbus  and  Memphis  for  the  lines  leveled  in  one  direction  by  this  observer 
would  amount  to  +220"™*,  and  to  the  part  between  Friar's  Point  and  Prentiss  -|-107""", 
or  a  total  correction  at  Prentiss  of  +327""  =  1.07  feet. 

The  constant  error  of  this  observer  must  have  been  independent  of  direction,  for 
he  gets  the  same  results,  as  compared  with  the  second  observer,  whichever  direction 
he  levels.  The  condition  of  the  ground  and  changes  of  weather  evidently  have  noth- 
ing to  do  with  the  error,  for  it  lasts  throughout  the  entire  season,  and  the  second  ob- 
server when  leveling  over  the  same  ground  at  the  same  time  does  not  obtain  similar 
results.* 

The  results  obtained  by  this  observer  the  following  season  between  Grafton,  111., 
and  Cairo,  111.,  contained  no  evidence  of  such  a  constant  error  as  here  shown.  It  is 
evident,  then,  that  a  duplication  in  an  opposite  direction  the  second  season,  of  lines 
leveled  in  one  direction  during  the  first,  would  not  have  eliminated  the  constant  error 
from  the  mean. 

From  this  wo  have  the  practical  conclusion  that  an  observer  should  duplicate  his 
work  as  soon  as  possible  under,  as  nearly  as  practicable,  the  same  conditions.  The 
error  of  this  observer  cannot  be  attributed  to  a  settling  of  tbe  rod  supports,  but  could 
be  explained  by  supposing  that  the  rod&or  instrument  raised  a  small  amonnt  gener- 
ally throughout  the  season. 

The  discrepancies  of  the  second  observer  show  that  his  errors  were  accidental, 
which  fact  is  also  shown  by  the  probable  error  of  determining  his  personal  error. 

The  third  observer  made  elevations  too  high  as  he  advanced,  but  ho  did  not  level 
enough  lines  to  compensate  in  any  appreciable  degree  the  effect  of  the  first  observer's 
personal  error. 

The  fonrth  observer  did  so  little  work  that  no  conclusion  could  safely  be  drawn 
from  the  results,  but  the  evidence  is  all  in  one  direction. 

The  numerical  work  of  obtaining  the  results  contained  in  the  preceding  table  is 
given  on  pages  150  and  151.  No  attempt  has  been  made  to  compute  the  probable 
error  of  the  resnlting  difference  of  elevation  of  this  section,  as  it  is  believed  that  the 
formulas  for  probable  errors  are  not  applicable  to  a  large  portion  of  the  work. 

PRECISE  LEVELS  FROM  PRENTISS,  MISS.,  TO  OREENVILLB,  MISS. 

This  section  of  72  kilometers  was  leveled  by  Assistant  J.  B.  Johnson,  and  all  lines 
were  leveled  in  opposite  directions.  After  44.2  kilometers  had  been  leveled  with  the 
rods  supported  on  foot-plates,  stakes  with  nails  in  their  t'Ops  were  driven  and  the  rods 
supported  on  these  for  the  remainder  of  the  distance.  This  section  has  been  cited  as 
furnishing  an  example  of  rods  settling  when  supported  on  foot-plates  and  rising  when 
supported  on  stakes.  It  has,  therefore,  been  divided  into  two  parts,  according  to  the 
character  of  supports,  and  each  part  analyzed  separately,  to  ascertain  if  the  manner 
of  supporting  tne  rods  has  introduced  a  constant  error  in  the  results. 

Letting  x,  and  x„  represent  the  constant  error  in  the  two  parts,  respectively,  then 
by  the  formnlie  previously  given  we  obtain 

XDOD.  mibm-  nulla 

«,  =  —  0.62  ±  0.12  ,  ro,  =  4:  2.70 
x„  =  -I-  0.35  ±  0.17  ,  r©;,  =  ±  2.79 

These  results  would  seem  to  indicate  that  the  manner  of  supporting  the  rods  had 
introduced  constant  errors  in  the  results,  but  the  proof  is  not  positive.  An  inspection 
of  the  discrepancies  and  residuals  in  the  first  part  shows — 

mm. 
14  negative  discrepancies,  whose  sum  is —62.2 

8  positive  discrepancies,  whose  sum  is *. -{•Ib.A 

13  neg;ati ve  residuals,  whose  sum  is ---35. 4 

9  positive  residuals,  whose  sum  is -|-27.5 

The  sum  of  the  discrepancies,  without  regard  to  sign,  is  77"".6,  and  of  the  residuals 
9. 


*It  might  bo  well  to  8tat«  in  this  conoectlon  that  iu  all  the  work  done  on  the  MisniMippI  River,  the 
principle  of  eliminating  instmmental  errors  by  eqaal  fore  and  back  sights  has  been  followed,  and  that 
werefore  the  aooamnlation  of  errors  cannot  be  attributed  to  errors  of  a^ostment  of  instrnments. 
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la  the  aecond  part  there  are — 

mm. 

5  negative  disciepanoies,  whose  sum  is —13.1 

10  poeitiYe  discrepancies,  whose  sum  is +34-1- 

7  neg^ative  residnals,  whose  sam  is — ^23.9 

7  poaiUve  Teeidoalsy  whose  sam  is -^^,7 

The  sum  of  the  discrepancies,  without  regard  to  sign,  is  47™™.2,  and  of  the  resid- 
uals, 46»°*.5.  These  figures  show  that  the  iprocess  of  solution  has  merely  changed  the 
signs  of  a  few  of  the  errors  withont  materially  redacmg  their  mean  size.  The  dis- 
crepancies themselves  show  that  the  errors  have  little  relaiiou  to  the  distances,  and 
the  large  prohahle  errors  of  observation  point  to  the  conclusion  that  the  difference 
between  x,  and  x.,  is  probably  due  to  an  accidental  distribution  of  errors.  In  fact»  if 
three  discrepancies  of  — 14"™.2,  — 10«"».4,  and  -|-11°»".8,  found  on  lines  2^.6,  2*™.6, 
and  3^.4  long  respectively,  were  omitted  from  the  discussion,  the  values  otx,  and  x,, 
would  become  —  0™™.31  and  +  0™™.07,  respectively,  and  their  difference  would  scarcely 
exceed  whal  would  be  expected  from  their  probable  errors. 

The  suspicion  that  these  discrepencies  are  the  result  of  accidental  errors  is  strength- 
ened by  the  fact  that  this  was  tne  observer's  first  experience  in  this  work,  and  also 
by  the  fact  that  all  his  subsequent  work  shows  occasional  errors  of  approximately 
lOnm.  pof  ^]je  later  errors  the  explanation  has  been  offered  that  they  were  caused  by 
mistakes  of  the  rodmen,  but  as  errors  of  readins  the  rod  of  10»™  or  20™"  frequently 
occur  and  are  detected  in  the  field  or  in  the  reduction,  it  is  quite  likely  that  this  is 
the  way  that  these  errors  were  made  and  escaped  detection. 

Numerous  examples  could  be  drawn  from  the  note-books  of  this  office  where  the 
readings  of  the  three  wires  are  inconsistent,  and  show  that  an  error  of  10™°  has  been 
made  in  reading  either  one  or  two  wires,  with  no  evidence  to  decide  which  is  the 
case.  An  uncertainty  of  lO™"',  therefore,  remains  in  the  mean  of  the  three  readings. 
This  explanation  of  the  way  errors  of  that  size  are  made  is  not  confined  to  tbis 
section  or  to  this  observer. 

We  conclude,  then,  that  the  proof  that  changing  the  manner  of  supporting  the  rods 
bad  affected  tne  results  is  not  sufficient.  That  the  cumulative  error  was  not  the 
effect  of  motion  of  rod  supports,  would  have  been  inferred  from  the  results  of  the 
levels  between  Columbus  and  Memphis,  where  two  observers  with  rods  supported 
alike  obtained  so  dissimilar  results  while  leveling  the  same  lines  at  the  same  time. 
In  order  to  explain  the  results  obtained  by  the  first  observer  there  by  a  motion  of  the 
rod  supports,  it  would  be  necessary  to  suppose  that  a  foot  plate  and  rod  weighing  in 
all  27  pounds,  had  risen  nearly  uniformly  throughout  an  entire  season.  As  the  press- 
ure on  the  foot  plate  would  probably  be  increased  by  the  rodman  about  20  pounds, 
this  supposition  is  inadmissible. 

We  have,  therefore,  combined  all  the  results  in  this  section,  and  obtained  the  fol- 
lowing values: 

769.52  «+205.87=0,    «=— 0»»».26±0™.ll,     [w]=:744.94 
ro=±3»>n.07,    r,= -tO«»».ll,  r=±l»».48,    R=-tB™».68. 

PRBCI8E  LHVSLS  FBOM  GRAFTON,  IIX.,  TO  CAIRO,  ILL. 

The  only  results  obtained  in  this  section  of  345  kilometers  bearing  upon  the  subject 
of  this  discussion  were  those  obtained  by  Assistant  O.  W.  Ferguson  in  the  221  kilo- 
meters south  from  Grafton.  These  results  are  shown  on  the  plot  on  Plate  III,  and 
reference  to  them  has  previously  been  made.  This  observer  made  elevations  too  low 
as  he  advanced,  but  the  error  did  not  remain  constant,  and  the  method  here  given 
has  not  been  applied  to  the  results.  As,  during  the  time  that  he  leveled  the  lines 
shown  on  the  plot,  he  also  leveled  many  lines  to  tlie  south  without  duplicating  them 
in  the  opposite  direction,  it  is  probable  the  difference  of  elevation  obtained  between 
Grafton  and  Cairo  is  affected  by  this  cumulative  error. 

PRBGI8K  LEVBLB  FBOM  KBOKUK,  IOWA,  TO  GRAFTON,  ILL. 

This  section  of  242  kilometers  was  leveled  in  duplicate  by  two  observers.  Assist- 
ant J.  B.  Johnson  always  leveling  toward  the  south  and  Assistant  O.  W.  Ferguson 
always  leveling  toward  the  north.  The  work  progressed  from  north  to  south.  Com- 
mencing at  IIU  kilometers  at  Keokuk  and  continuing  for  110  kilometers,  the  results 
of  the  second  observer  are  lower  than  those  of  the  first  observer.  Of  the  66  lines 
incladed  in  this  portion,  48  gave  positive  discrepancies,  whose  sum  is  -f-118°^.l,  and 
18  gave  negative  discrepancies,  whose  sum  is  — 27">">.0,  and  the  total  discrepancies 
between  the  two  observers  is  Hh91™".l. 
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As  the  plot  of  the  discrepancies  on  Plate  Y,  shows  that  this  enor  was  ptaotieaBy 
constant  throoghont,  its  value  has  been  found  by  the  f  ormxtlie. 

a;  =  —  0»n».e2  ±  0*^,11 
ro=4:l°>™.61 
r,  =  ±0«n™.ll 

As  it  is  more  probable  that  this  error  was  made  by  one  observer  than  that  the  two 
observers  made  equal  errors  of  opposite  signs,  the  di£ferenoe  of  elevation  between 
Keokuk  and  Orafton  is  probably  in  error  by  45"^  fix)m  this  cause.  The  sign  of  the 
error  is  not  determined.  The  numerical  work  of  obtaining  these  results  is  given  on 
page  157. 

PRBCI8B  LEVELS  FROM  CARBOLLTOK,  LA.,  TO  BILOXI,  HISS. 

The  levels  of  this  section  of  140  kilometers  were  run  by  the  same  observers  and  in 
the  same  manner  as  those  between  Keokuk  and  Grafton.  After  about  60  kilometers 
had  been  leveled,  the  results  of  the  two  observers  commenced  to  diverge  until  at  the 
end  of  the  line  their  results  differed  by  about  50°*™.  The  same  remarks  are  applicable 
to  this  section  as  the  preceding  one. 

PBBCI8S  LEVELS  FROM  CAIRO,  ILL.,  TO  COLUMBUS,  KT.,  AND  FROM  MEMPHIS,  TBNK., 

TO  AUSTIN,  MISS. 

The  leveling  of  these  sections,  with  the  exception  of  about  6  miles,  was  all  done 
in  one  direction,  the  observer  carrying  along  two  lines  by  means  of  two  rods,  used 
independently.  There  is,  therefore,  no  information  as  to  whether  or  not  there  was 
any  accumulation  of  errors  in  these  sections. 

PRECISE  LEVELS  FROM  GREENVILLE,  MISS.,  TO  CARROLLTON,  LA. 

The  levels  of  this  section  of  470  kilometers  were  run  by  parties  of  the  United  States 
Coast  and  Geodetic  Survey,  and  the  method  pursued  was  to  level  alternate  sections  in 
opposite  directions,  in  order  ''to  prevent  the  gradual  accumulation  of  error,  supposed 
to  ue  due  to  running  constantly  in  one  direction  "  (C.  S.  Report,  1880,  page  137).  It  is 
probable  that  this  method  prevented  any  accumulation  of  error,  but  it  fails  to  give 
any  evidence  on  the  subject. 

The  following  are  the  values  of  r  and  R,  computed  by  the  method  given  in  "Praci- 
sion-Nivellement  der  Elbe,''  which  method  is  in  use  by  the  United  S»tes  Coast  and 
Geodetic  Survey : 

r  =  4:  0»«.90 

R=:Jllinm.6 
PRECISE  LEVELS  FROM  KEOKUK,  lOW^,  TO  FULTON,  ILL. 

The  results  of  all  the  sections  previously  mentioned  were  known  before  this  section 
was  leveled,  although  the  final  reductions  were  not  quite  completed. 

The  conclusions  to  be  drawn  from  them  had  been  pointed  out  in  the  preliminaiy 
report,  and  some  experimental  work  had  been  done  with  reference  to  obtaining  addi- 
tional information  upon  the  subiect,  but  the  results  indicated  that  the  work  was  not 
of  a  character  to  make  it  valuable  in  this  discussion. 

When  the  parties  took  the  field  they  received  instructions  that  each  observer  should 
duplicate  his  own  work  in  opposite  directions.  In  order  to  throw  additional  light  on 
the  question  whether  or  not  the  accumulation  of  errors  noticed  in  some  of  the  sections 
was  caused  by  a  motion  of  the  rod  supports,  the  parties  were  provided  with  steel 
pins,  to  be  used  as  they  saw  fit  in  supporting  the  rods. 

A  slight  modification  was  also  mane  in  the  form  of  the  spur  in  which  the  rod  ter- 
minates. This  modification  consisted  in  havinc  the  rod  terminate  in  a  plane  surface, 
which  rested  on  a  conical  surface  on  the  foot-plates  or  pins,  instead  of  terminating  in 
a  spherical  surface,  which  rested  on  a  concave  spherical  surface  of  larger  diameter. 
The  observers  were  the  same  as  those  employed  in  the  sections  CarrolUon  to  Biloxi 
and  Keokuk  to  Grafton. 

On  pages  158  and  169  is  given  a  tabulation  of  the  results  obtained  in  this  section.  As 
the  observers  leveled  alternate  portions  of  the  line,  the  numbering  of  the  bench-marks, 
which  is  consecutive,  will  indicate  the  order  in  which  the  results  occur  in  the  line. 
Sometimes  an  observer  obtained  two  results  at  the  same  time  by  using  both  foot-plates 
and  pins.  In  the  tabulation  such  results  are  indicated  by  an  asterisk  in  the  column 
of  bench-marks.  An  examination  of  the  table  shows  that  the  discrepancies  of  either 
observer  are  well  distributed,  both  with  regard  to  sign  and  amount,  throughout  the 
season's  work,  whether  leveling  on  pins  or  foot>plates ;  and  that  the  work  upon  the 
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ftoi-plfttos  is  aUghily  better  than  that  upon  pins.    These  facts  are  shown  by  the  fol- 
lowing table  of  oiacrepancieB : 


aW.F.,0BBIBVXB. 

J.B.J.,0B8nVSB. 

Pins. 

PilM. 

IV>ot  plates. 

IMiciepaiicies. 

DiMorapandet. 

Ko. 

Smn. 

Ho. 

Sum. 

No. 

Sum. 

No. 

Ssm. 

]>MtlT» 

41 
M 

mm. 

+63.2 

-68.8 

23 
28 

mm. 
+8S.8 
-5L1 

81 
89 

mm. 
+60.9 
-76L2 

82 
82 

47Ld 
— 56L5 

K^tHttrtr 

Bob 

75 

+18.4 
L06 

,« 

-16.8 
L88 

80 

-16.8 
2.28 

64 

+14.6 
L99 

iff«i^aia« ,. 

The  total  discrepancy  in  all  the  first  observer's  work  is  -f4.1°^  ™  and  in  the  second 
—0.8^  »,  or  in  the  whole  section  -f3.3»». 

This  remarkable  connterbalancing  of  errors  may  partly  be  accidental,  bnt  is  prob- 
ably larffoly  to  be  attributed  to  increased  care  in  the  work.    There  is  nothing  in  the 
.  nsolts  that  shows  that  an  accomnlation  of  error  was  prevented  by  changing  £rom 
one  kind  of  support  to  the  other. 

Tbe  preceding  sections  include  all  the  levels  along  the  Mississippi  Blver,  except 
those  mm  Fulton  to  connect  with  Lake  Michigan,  at  Chicago,  which  are  not  yet 
finally  reduced.  It  is  believed  that  the  following  conclusions  can  safely  be  drawn 
from  the  results  set  forth  in  the  preceding  pages. 

n.)  The  results  of  leveling  may  be  effected  by  cumulative  errors,  which  rary  with 
different  observers  and  do  not  always  remain  constant  with  the  same  observer. 

(2.)  The  mean  of  several  results  obtained  by  the  same  or  different  observers  may  re- 
quire a  considerable  correction. 

(3.)  That  these  cumulative  errors  are  nearly  proportional  to  the  distances  leveled, 
and  in  some  cases  are  independent  of  the  nature  of  the  ground,  the  direction  in  which 
the  work  is  done,  the  season,  or  the  manner  of  supportincr  the  rods. 

(4.)  That  in  order,  as  far  as  possible,  to  eliminate  the  effect  of  such  errors,  each  ob- 
server should  duplicate  his  own  work-  in  oppocfite  directions,  under  the  same  condi- 
tions. 

(5.)  That  long  lines  of  levels,  even  if  leveled  in  duplicate,  should  be  independently 
ehecked. 

The  above  report  is  submitted  in  hopes  that  it  may  add  information  in  reffazd  to 
leveling,  and  increase  the  accuracy  of  future  operations.  It  is  hoped  that  it  may 
meet  with  your  approval. 

Yery  respeciiully,  your  obedient  servant, 

L.  L.  Whexleb. 

Fust  Lieut.  Smith  8.  Lbach, 

jSecTflary  Iiiui$8ippi  Biver  CommiMum, 

IktermkuaUm  ofpenandl  trrcr  of  Ani$iani  L,  L.  Wheeler  frcm  the  retuXU  of  UoeU  from 
AMeUn  to  Friar'e  Point,  Miee. 


21 

l^^  (n- 

•)  =  i; 

4K»«— 2 

,K(a-#) 

V 

w 

2& 

hm. 

mm. 

mm. 

m.... 

3.1 

+  2.8 

+    9.61 
--    5.76 

+    8.68 

-  1.2 

1.44 

0.47 

«).... 

2.4 

+  0.1 

+    0.24 

+  1.1 

1.21 

0.50 

(4).... 

1.7 

+  2.9 

+    2.89 
+    4.00 

+    4.93 

-2.1 

4.41 

2.60 

2.0 

-0.7 

-    1.40 

+  1-7 

2.80 

1.44 

(6^.... 

2.6 

+  4.2 

+    6.76 

+  10.92 

-2.9 

8.41 

3.23 

(6)..., 

2.1 

+  1.2 

--    4.41 

+    2.52 

—  0.2 

0.04 

0.02 

2.1 

-1.1 

-.    4.41 

—    2.31 

+  2.1 

4.41 

2.10 

(8)..- 

1.5 

0.0 

--    2.25 

0.00 

+  0.8 

0.64 

0.04 

w... 

4.2 

+  3.2 

+  17.64 

+  13.44 

-1.1 

1.21 

0.30 

(101... 

3.4 

+  0.2 

-  -  11.56 

+    0.68 

--  1.5 

2.25 

0.66 

iiii... 

2.3 

+  0.8 

--    5.29 

+    1.84 

--0.4 

0.16 

0.06 

(12... 

4.0 

+  3.5 

-  -  16.00 

+  14.00 

—  1.5 

2.25 

0.56 

(131... 
(14)... 

1.8 

-0.3 

-.    3.24 

—    0.54 

+  1.2 

1.44 

0.90 

6.4 

+  0.8 

+  40.96 

+    5.12 

+  2.4 

5.76 

0.90 
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Determination  of  penonal  error  of  Aeeietant  L,  L.  Wheeler,  ^o.— Continued. 

2K«  — (n-.«)  =  w                4K»«— 2K(n  — •)  v  w  ve 

2K 

km,       mm,  mm, 

(15) 2.5    —0.8              -f    6.25       —    2.00  —2.0  4.00  1.00 

(16) 4.3    +4.0               +18.49        +17.20  —1.8  3.24  0.75 

(17) 1.2    —3.8              +    1.44        —    3.36  +4.4  10.36  16.13 

(18) 3.2    —1.5               +10.24        —    4.80  +3.1  9.61  3.00 

(19) 5.0    +3.5               +25.00       +17.50  —1.0  1.00  0.20 

(^0) 2.7    +2.2               +    7.29        +    5.94  —0.8  0.64  0.24 

(21) 4.0    —2.7               +16.00        —10.80  +4.7  22.09  5.52 

^2) 1.7    +0.9               +    2.89        +    1.53  —0.1  0.01  O.Ol 

(23) 4.9    +3.8               +24.01        +18.62  —1.4  1.96  0.40 

'      4.0    —0.2               +16.00        —    0.80  +2.2  4.84  1.21 

1.0    +0.6               +    1.00        +    0.60  —0.1  0.01  0.01 

6.0    +8.7               +36.00        +52.20  —5.7  32.49  5.41 

(27) 4.7    +1.7               +22.09        +    7.99  +0.7  0.49  0.10 

,     ,     2.5    +2.5               +    6.25        +    6.25  —1.2  1.44  0.58 

(29) 0.7    —0.2               +    0.49        —    0.14  +0.6  0.36  0.51 

328.22        +164.05  [iw]     =    138.06  49.47 

Nonnal  equation : 

328.22a;— 164.05=0  «=+0.50»»±  0.063 

m=29  jLt  =  l  jp=:328 

.6745  "/[w]       ,  ^  ^^^^^^^ 
r,=->==^  = -t  0.083»^ 

E= ±0.6745^  /I?  X  ^  =  ± 4.04™  r  =  ±0.88w» 
V  29         2 

Determination  of  personal  error  of  Aseietant  J.  A,  Paige,  from  the  reeulte  of  leeeU  from 
Columbus  to  Memphis  and  from  Friar's  Point  to  Prentiss, 

No.  of  line.                            2  Kx—  («— «)               v  w          4  K?  —  2  K  («— •) 

3 0.8    +    5.4==+    7.0  49.00  0.64+  4.32 

4 2.1    +    1.4  =  +    5,7  32.49  4.41+  2.94 

9... .....1.4    —    4.4=—    1.6  2.56  1.96—  6.16 

12 1.8    —10.3  =  —    6.6  43.56  3.24—  18.54 

13 0.9    +    0.7  =  +    2.5  6.25  0.81+  0.63 

14 2.3    —    4.1  =  +    0.6  0.36  5.29—  9.43 

15 6.3    —14.3  =  —    1.5  2.25  39.69—  90.09 

16 1.7    —  15.0  =  —  11.6  134.56  289—  25.50 

17 0.8    +    3.2 h    4.8  23.04  0.64+  2.56 

19 4.4    —  21.5  =  —  12.6  158.76  19.36  — •  94.60 

20 8.9    —12.3  =  +    5.8  33.64  79.21  —  109.47 

21 2.2    —    4.3  =  +    0.2  0.04      -      4.84—  9.46 

22 6.1    —    5.2  =  +    7.2  51.84  37.21—  31.72 

23 3.0    —    6.6  =  —    0.5  0.25  9.00—  19.80 

24 2.1    -    8.7  =  —    4.4  19.36  4.41—  18.27 

25 3.5    —    6.8  =  +    0.3  0.09  12.25—  23.80 

28 1.3    —    1.9  =  +    0.7  0.49  1.69—  2.47 

29 2.2    —  17.8  =  — 13.3  176.89  4.84—  39.16 

30 4.0    —24.5  =  — 16.4  268.96  16.00—  98.00 

31 5.9    —14.5  =  —    2.5  6.25  34.81—  85.55 

32 0.6    —    1.9  =  —    0.7  0.49  0.36—  1.14 

35 3.7    —    3.3  =  +    4.2  17.64  13.69—  12.21 

41 1.4    —    3.8  =  —    1.0  1.00  1.96—  5.32 

43 2.5    —    4.3  =  +    0.8  0.64  6.25—  10.75 

44 4.5    —    5.6  =  +    3.5  12.25  20.25—  25.20 

50 1.3    —    0.4  =  +    2.2  4.84  1.69—  0.52 

51 5.2    +    3.1  =  +  13.6  184.96  27.04+  16.12 

66 7.9    —    8.0  =  +    8.0  64.00  62.41—  63.20 

68 1.9    —    4.7  =  —    0.8  0.64  3.61—  8.93 

82 2.1    —    3.4  =  +    0.9  0.81  4.41—  7.14 

83 2.3    —    5.1=—    0.4  0.16  5.29—  11.73 
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JMtvmkuOkm  of  permmal  error  of  jBsiBitmi  J,  A,  Foige^  fo.- 

No.ofliiie.  2K«— (fi  — f)  v  w 

84 1.9  —    2.4  =  +    1.4  1.96 

86 1.3  —    7.5  =  —    4.9  24.01 

66 6.8  —    7.8  =  +    4.0  16.00 

94 1.4  —    9.7  =  —    6.9  47.61 

95 3.9  —19.0  =  — 11.1  123.21 

96 3.4  —    6.6  =  +    0.3  0.09 

99 2.7  —14.8  =  —    9.3  86.49 

101 2.6  —12.4  =  —    7.1  50.41 

IdO 0.7  +    0.4  =  +    1.8  3.24 

10' 3.6  —    8.1  =  —    1.0  1.00 

U' 2.3  +    5.9  =  +  10.6  112.36 

IS' 1.7  —    5.9  =  —    2.4  5.76 

23* 3.1  —11.2  =  —    4.9  24.01 

27' 2.0  —    2.1  =  +    1.9  3.61 

86* 2.0  —    6.7  =  —    1.6  2.66 


Continued. 

4K*-2E| 

;•— •) 

3.61  — 

4.56 

1.69  — 

9.75 

33.64  — 

45.24 

1.96  — 

13.68 

15.21  — 

74.10 

11.56  — 

22.44 

7.29  — 

39.96 

6.76  — 

32.24 

0.49  + 

0.28 

12.25  — 

28.35 

5.29  + 

13.57 

2.89  — 

10.03 

9.61  — 

34.72 

4.00  — 

4.2r 

4.00  — 

11.40 

Normal  equation: 

560.40  X— 1118.31: 

T6  compute  prob.  error  of  x: 


1800.39         550.40  —1118.31 
»  =  +  2.03«»« 


P.  E.  of*  =  0.e746^/II^L=0.e745^^ 


1800.39 


=  ±  0.18-" 


-/I)  V  550.40X45 

«  =  +  2.03™"  ±  0.18™"* 
Prot>.  error  of  a  single  obeeiration : 

re  =  ±  0.6745    /1?J|^=±  4.27«» 

Jkterw^maUous  of  penomdl  error  of  A8$istant  B,  D,  Froai  from  reaulio  of  leveU  from 
(UnumbuB  to  MempMa  and  from  Friar's  Foini  to  Prenti99. 


Ko.  of  line. 

46 

47 

2Kx- 

2.8* 

4-8 

-(«_0=        V 

—  11.7  =  —13.2 
+  11.0  =  +  8.5 

—  0.2  =  -  1.2 

—  3.6  =  —  5.2 
+    2.1  =  +  0.9 
-iU    1.9  =  +  1.0 
--  11,0  =  +  8.5 
--    5.9  =  +  4.5 
--    2.0  =  —  0.3 

—  3.0  =  —  4.5 
+    5.9  =  +  4.8 

—  2.5  =  —  3.7 
+    0.1  =  —  1.2 
H-    4.9  =  +  3.8 
--    1.9  =  +  1.2 
+    1  5  =  +  0.7 

—  11.7  =  —12.8 

—  4.6  =  —  5.7 

4.24=0 
ation: 

w 

174.24  H 

72.25  - 

1.44  - 
27.04  - 

0.81  - 

1.00  - 
72.25  - 
20.25  - 

0.09  - 
20.25  - 
23.04  - 
13.69  - 

1.44  - 
14.44  - 

1.44  - 

0.49  - 

163.84  . 

32.49- 

4K»     - 

h    7.84 
-23.04 

-  3.61 

-  9.61 

-  5.29 

-  2.89 
-23.04 

-  7.29 

-  18.49 

-  8.41 

-  4.41 

-  4.84 

-  5.76 

-  4.00 

-  1.69 

-  2.25 
h    4.00 

-  4.00 

-2K(a-«) 
—32.76 
+52.80 
—  0.38 

49 

1.9 

se 

3.1 

—11.16 

56 

2.3 

+  4.83 

57 

L7 

+  3.23 
+52.80 
+15.93 
+  8.60 
—  8.70 

63 

4.8 

87 

2.7 

112 

113 

4.3 

2.9 

114 

2.1 

+12.39 

115 

2.2 

—  5.50 

141 

2.4 

+  0.24 

142 

2.0 

+  9.80 

144    

1.3 

+  2.47 

145 

147 

1.6 

2.0 

+  2.25 
—23.40 

43' 

2.0 

a; 

140.46X+7 
single  obserr 

—  9.20 

Prob.  error  of  a 

640.49  H 
x=— 0.53"« 

hl40.46 

+74.24 

fV,  =  ±0.6745   /5^^=±4.14" 


Prob.  error  of  x: 
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DttarwuMolian  of  pdmmal  €rror  of  Mr.  X, 

No.  of  line.  2K»— (ii—«)=     v 

i:V 1.6«  +  6.3  =  -f-5.0 

14' 6.0     +1.6=5—2.4 

16' 4-8     +  3.2  =  -0.7 

le* 4.6     +  6.7  =  +3.0 

17' 4.3     +  6.0  =  +2.6 

ly 4.2     +  7.9  =  +4.5 

28* 4.0     —  1.2  = —4.4 

2^ 3.2     —3.6  =  — 6.2 

aO* 6.2     +4.6  =  +0.4 


Nonnal  eqaation: 

161.17fl;+130.84=0 
Ftob.  error  of  a  siDgle  obflerration: 


JCI*   OVmiKSw* 


vv        4K«      - 

-2K(ii-#) 

25.00  +    2.66 

+  10.06 

5.76  +  25.00 

--  aoo 

0.49  +  23.04 

-  -  15.36 

9.00  +  21.16 

--30.82 

6.25  +  18.49 

--25.80 

20.25  +  17.64 

--33.18 

19.36  +  16.00 

—    4.80 

38.44  +  10.24 

—  11.52 

0.16  +  27.04 

+  23.92 

124.71  +161.17 

+130.84 

«=-0.812— 

Frob.  error  of  x: 


n,= J,  0.6746    /i?|^= ±2.66™ 

«=— 0.812«»±0.210«« 


f^  2.66  I  p^^Q-^ 

y/¥n    1/161.17     ±"-^*"^ 

i>0i0niiifialioi»  of  mmi  of  mtmiuiI  errors  of  AaaiatanU  Paige  and  Droei,  from  re$ulU  qf 
levels  oetween  Columbus  and  MemphiSf  and  Friar's  Point  and  Prentiss. 

No.ofUne*                                 Ka/    —   (P-F)=  «  w  K«— K(P.-F.) 

41 OM  —  6.2  =  —  5.2  27.04  0.49  —  4.34 

43 1.3      —  3.6  =  —  1.7  2.89  1.69  —4.68 

49 0.9      +1.0  =  +  2.3  5.29  0.81  +0.90 

62 1.6      —11.2=  — 8.9  79.21  2.56  —17.92 

66 1.2      —  5.5  =  —  3.7  13.69  1.44  —6.60 

67 0.8      —5.6  =  — 4.4  19.36  0.64  —4.48 

64 2.2      —9.9  =  — 6.7  44.89  4.84  —21.78 

66 3.9      +9.6  =  +15.3  234.09  15.21  +37.44 

99 1.4      —9.3  =  — 7.2  51.84  1.96  —13.02 

101... 1.3      —  2.0  =  —  0.1  0.01  1.69  —2.60 

116 2.3      —  4.0  =  —  0.6  0.36  5.29  —9.20 

130 0.4      —  3.0  =  —  2.4  5.76  0.16  —  1.20 

147 1.0      —16.2  =  — 14.7  216.09  LOO  —16.20 

36' 1.0      +0.8  =  +  2.3  5.29  1.00  +0.80 

61' 2.0           0.0  =  +  2.9  8.41  4.00  0.00 

714.22  42.78  —62.88 

Nonnal  eqaation : 

42.78aj'— 62.88  =  0  »'  =  +  1.47»« 

Frob.  error  of  a  single  observation: 

Probable  eiror  of  ^ : 

""'"VfT        1/43:78        =*= 


x*  =  +  1.47»«  ±0.74"» 
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I}eitnKmtM(m  of  d^trmee  ofponofuU  erran  of  Mooon,  Froot  amd  Stoceno. 


No.of  line.  Kx'  — (F  — S)  =   9  w 

140 0.7      —  0.4  s=  +  2.9  8.41 

141 1.2      —  5.9  =  -  0.2  0.04 

142 1.0      —  7.2  =  —  2.7  7.29 

143 1.1      —  3.9  =  +  1.4  1.96 

144 0.6      —  4.5  =  —  1.6  2.66 


K«  — K(F— S] 

0.49 

1.44 

1.00 

1.21 

0.36 


0.S 

—  7.08 

—  7.20 

—  4.29 

—  2.70 


Normal  eqnatioxi ; 


4.5QV'  — 21.55=::  0 


20.26 
a/=5  +  4.79™» 


4.50  --21.55 


ro=:t  0.6745^ 


\l^- 


±  1.51»» 


To 


vw 


=  ± 


^=±0.71- 


9t 


orror$  tf  As9i$tani$  Paige  amd  Fro9tfrom  iho  tmUo 


DdtmwHmlum  of  difonm 

of  lev€l9  from  ColumhuB  to  MemphU  and  from  Friar's  Poini  to  Prm^Ou. 


Na  of  line.  Esef 

26 2.0a5' 

27 2.4 

33 2.0 

34 1.6 

37 2.4 

38 3.0 

39 4.6 

40 3.4 

41 0.7 

42 4.0 

43 1.3 

45 2.3 

48 3.9 

49 0.9 

92 • 1.6 

53 1.0 

54 1.5 

65 1.2 

66 1.3 

67 0.8 

50 1.5 

eo 2.0 

61 0.5 

62 2.4 

65 0.5 

a 3.9 

67 1.4 

60 2.3 

70 3.8 

71 1.0 

72 0.2 

73 4.3 

74 0.5 

75 1.6 

97 2.9 

96 2.2 

99 1.4 

100 2.2 

101 1.3 

102 0,9 

103 1.1 

104 1.5 

105 1.3 

106 1.6 

107 1.7 

108 1.6 

W.„, 4 1.0 


(P- 
5.9 

16.3 
8.2 
2.0 

12.3 

15.1 
6.6 
3.7 
2.4 
9.1 
0.7 
5.4 
8.1 
1.2 
7.6 
2.5 

10.3 
7.6 
4.0 
7.5 
1.3 
4.1 
0.1 
8.4 
3.8 

17.6 
9.6 
7.5 

12.4 
8.0 
1.8 
4.6 
5.1 

10.2 
4.9 
1.4 
5.5 
3.4 

10.4 
5.2 
2.3 
0.4 
6.1 
5.4 

10.7 
2.2 
7.0 


=  +  1.9 
=  +  11^ 
=  +  4.2 
=  —  5.2 
=  +  7.5 
=  +  9.0 
=  —  2.7 
=  -  3.2 
=  —  3.8 
=  —  17.2 
=  —  1.9 
=  —  10.0 
0.2 
3.0 
4.4 
0.5 
7.3 
5.2 
1.4 
5.9 
4.3 
0.1 
0.9 
3.6 
4.8 
9.7 
6.8 


K»-] 


=  + 

=  + 
=  + 

=   + 


+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 

+ 

—  7.5  =  —  12.2 
4.7 
6.0 
1.4 
4.1 
4.1 
7.0 


=  + 


+    1.4  =  - 


=  + 

=  —  10.8 
3.0 


2.7 

1.0 
=  +    7-8 
=  + 
=  + 


3.4 
0.1 
2.6 
3.5 


=  +    7.3 


+    7.0  — 


5.4 
5.0 


3.61 
132.25 
17.64 
27.04 
56.25 
81.00 

7.29 

10.24 

14.44 

295.84 

3.61 
100.00 

0.04 

9.00 
19.36 

0.25 
53.29 
27.04 

1.96 
34.81 
18.49 

0.01 

0.81 
12.96 
23.04 
94.09 
46.24 
148.84 
22.09 
36.00 

1.96 

16.81 

16.81 

49.00 

116.64 

9.00 

7.29 

1.00 
60.84 
11.56 

0.01 

6.76 
12.25 

4.84 
53.29 
29.16 
25.00 
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VetermiiuUian  of  difference  ofpenonalerrore  ofAeeietanU  Paige  and  Broei,  #«.— Continiied. 


No.  of  line.  Ka/  — 

110 1.0 

117 1.9 

118 0.9 

119 0.5 

120 1.4 

121 2.8 

122 0.9 

123 2.2 

124 1.2 

125 1.3 

126 1.2 

127 1.0 

128 1.2 

129 2.3 

130 0.4 

131 0.6 

132 0.5 

133 3.2 

134 4.9 

136 4.2 

136 1.2 

137 1.2 

138 3.4 

146 4.0 

147 1.0 

148 0.8 

149 1.3 

160 0.8 

151 1.0 

152 0.9 

153 3.4 

154 0.9 

165 0.9 

156 ; 1.6 

157 2.3 

168 2.0 

159 5.4 

160 1.8 

161 1,0 

162.. 0.9 

163 1.2 

164 2.2 

165 2.8 

34'  3.1x' 

36'  2.3 

36'  1.0 

37'  3.1 

38'  1.0 

39'  0.6 

40'  1.0 

41'  2.4 

42'  2.1 

44'  0.7 

45'  0.9 

•46'  1.9 

47'  2.6 

48'  2.8 

49'  2.1 

50*  1.7 

51'  2.1 

52'  1.8 

53'  0.8 

54'  1.0 

55'  1.5 

66*  2.2 

67'  2.0 


(P-F)  = 

V 

vv 

K«- 

K(P-P) 

+    9.0  =  + 

7.0 

49.00 

1.00 

+ 

9.00 

—    4.6  =  - 

8.3 

68.89 

3.61 

8.65 

--    8.6  =  -- 

6.8 

46.24 

0.81 

+ 

7.74 

--    9.1  =  -- 

8.1 

65.61 

0.25 

+ 

4.65 

-.    5.7  =  + 

2.9 

8.41 

1.96 

+ 

7.98 

-    2.7  =  - 

3.0 

900 

7.84 

7.56 

-u    8.3  =  -. 

6.5 

42.25 

0.81 

7.47 

-    5.3  =  -- 

0.9 

0.81 

4.84 

+ 

11.66 

-  10.2  =  + 

7.8 

60.84 

1.44 

12.24 

—    1.3  =  - 

3.9 

15.21 

1.69 



1.69 

+    4.7  =  + 

2.3 

5.29 

1.44 

+ 

5.64 

+    2.3  =  + 

0.3 

0.09 

1.00 

+ 

2.30 

+    1.5  =  - 

(».9 

0.61 

1.44 

+ 

1.80 

-    4.2  =  - 

8.8 

77.44 

5.29 

9.66 

—    3.4  =  — 

4.2 

17.64 

0.16 



1.36 

+    1.0  =  - 

0.2 

0.04 

0.36 

+ 

0.60 

-.    0.7  =  - 

0.3 

0.09 

0.25 

+ 

0.35 

--  12.9  =  + 

6.4 

40.96 

10.24 

+ 

41.28 

.-16:2  =  + 

6.3 

39.69 

24.01 

+ 

79.38 

+    5.6  =  - 

2.9 

8.41 

17.64 

+ 

23.62 

+  10.2  =  + 

7.8 

60.84 

1.44 

+ 

12.24 

—    1.3  =  - 

3.7 

13.69 

1.44 

1.66 

+    5.7  =  — 

1.2 

1.44 

11.56 

+ 

19.38 

..    9.6  =  + 

1.5 

2.25 

16.00 

+ 

38.40 

--    4.5  =  + 

2.5 

6.25 

1.00 

+ 

4.60 

—    3.7  =  — 

6.3 

28.09 

0.64 

2.96 

+    0.8  =  — 

1.8 

3.24 

1.69 

+ 

1.04 

+    9.8  =  + 

8.2 

67.24 

0.64 

+ 

7.84 

+    1.5  =  - 

0.5 

0.25 

1.00 

1.50 

+    2.0  =  + 

0.2 

0.04 

0.81 

+ 

1.80 

+    5.7  =  - 

1.2 

1.44 

11.56 

.. 

19.38 

+    6.5  =  + 

4.7 

22.09 

0.81 

.. 

5.85 

-    2.7  =  - 

4.5 

20.25 

0.81 



2.43 

+    2.6  =  — 

0.6 

0.36 

2.56 

+ 

4.16 

+    7.8  =  + 

3.2 

10.24 

5.29 

+ 

17.94 

+    3.1  =  — 

0.9 

0.81 

4.00 

+ 

6.20 

+    7.1  =  - 

3.8 

14.44 

29.16 

+ 

38.34 

+    6.6  =  + 

2.9 

8.41 

3.24 

+ 

11.70 

—    7.3  =  - 

9.3 

86.49 

1.00 

7.30 

+    7.4  =  + 

5.6 

31.36 

0.81 

+ 

6.66 

+    6.5  =  + 

4.1 

.     16.81 

1.44 

+ 

7.80 

+  11.2  =  + 

6.8 

46.24 

4.84 

+ 

24.64 

+    9.6  =  + 

3.8 

14.44 

7.84 

+ 

26.60 

+    0.6  =  — 

6.7 

32.49 

9.61 

+ 

1.86 

-    1.7  =  - 

6.4 

40.96 

5.29 

3.91 

+    6.5  =  + 

4.5 

20.25 

1.00 

+ 

6.60 

+    5.3  =  — 

1.0 

1.00 

9.61 

+ 

16.43 

-    2.0  =  - 

4.0 

16.00 

1.00 

tLOO 

-    1.1  =  - 

2.3 

5.29 

0.36 



0.66 

+    4.0  =  + 

2.0 

4.00 

1.00 

+ 

4.00 

+    5.0  =  + 

0.2 

0.04 

5.76 

+ 

12.00 

+    2.7  =  - 

1.5 

2.25 

4.41 

+ 

5.67 

+    5.4  =  + 

4.0 

16.00 

0.49 

+ 

3.78 

-    7.9  =  - 

9.7 

94.09 

0.81 

7.11 

+  10.9  =  + 

7.1 

50.41 

3.61 

+ 

20.71 

+    6.5  =  + 

1.2 

1.44 

6.76 

+ 

16.90 

-    5.6  =  - 

11.2 

125.44 

7.84 

15.40 

+    2.7  =  - 

1.5 

2.25 

4.41 

+ 

5.67 

-    4.1  =  - 

7.5 

66.25 

2.89 

6.97 

+    6.8  =  + 

2.6 

6.76 

4.41 

+ 

14.28 

-    2.4  =  - 

6.0 

36.00 

3.24 

4.32 

+    3.0  =  + 

1.4 

1.96 

0.64 

+ 

2.40 

+    1.3  =  - 

0.7 

0.49 

1.00 

+ 

1.30 

4-     0.7  =  - 

2.3 

5.29 

2.25 

+ 

105 

+    5.3  =  + 

0.9 

0.81 

4.84 

+ 

11.66 

+    5.6  =  + 

1.6 

2.56 

4.00 

+ 

11.20 
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IkierminaUan  o/dijjferenceofpencfiuil  erarr$  ofA89isiani$  Paige  and  Frost f  ^c — Continacd. 

No.ofIiD6.  K«'  — (P  — F)=  V  w  K«   —    (P  — F) 

58' 0.8  +7.0  =  +  5.4  29.16  0.64  +  5.60 

SO*,... 1.1  +  2.7  =  +  0.5  0.25  1.21  +  2.97 

60* 1.0  +  3.4  =  +  1.4  1.96  1.00  +  3.40 

61' 2.0  +15.8  = +11.8  139.24  4.00  +  31.60 

62 3.3  +2.1  =  — 4.6  21.16  10.89  +  a93 

63 1.0  +  5.5  =  +  3.5  12.25  U.OO  +  5.50 

64 1.8  +  3.0  =  -  0.6  0.36  3.24  +  5.40 

3459.69      +  524.20      +1060.34 

Normal  equatioxi : 

+5B4.20x'  +  1060.34=0  «'=-2.( 

Prob.  error  of  a  single  observation : 


ro=±0.6745  J^^^  =  ±  3.64"« 


Pxob.error  of  z': 


Determination  of  difference  ofpereondl  errors  ofMeeere.  Paige  and  Sankee. 

No.ofline.                      Ka/  — (P  —  S)  =         v                  w  K«  —  K(P— S) 

13' 0.8           —  3.0  =  —  7.9              62.41  0.64      -      2.40 

20' 1.8           +15.7  =  +  4.7               22.09  3.24      +    28.26 

21' 1.9           +11.9  =  + 0.3                0.09  3.61      +    22.61 

22' 0.8           +1.6  =  — 3.3               10.89  0.64      +      1.28 

95.48  8.13      +    49.75 

Normal  equation : 

8.13a/ +  49.75  =  0  «'  =  — 6.12»a 

Ptob.  error  of  a  single  observation : 


n)=  ±  .6746  J^  =  ±  aeo— 


Prob.  error  of  x*: 


r.'  =  :^=±:j7|g=:±1.33«-  *'=r-6.12»m±1.33»« 

6908  EN 161 
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DtiermvMUon  of  persmal  error  of  Auittanl  Johnson  from  re$itlU  of  from  Prtniiu  leteU 

to  Greenvillo, 


to^^       2Rr-(«-«)=f'  tiV 

1....  6.3*'  +  4.1  =  +  0.8  0.64 

2....  6.9  -h  6.3  =  f  2.0  4.00 

3....  2.9  —  3.8  =  —  5.6  31.36 

4....  2.2  —  0,3  =  —  1.7  2.89 

5....  2.0  —  0.7  =  -  1.9  3.61 

6.-..  2.4  +  4.1  =  +  2.6  6.76 

7....  1.0  —  1.9  =  —  2.5  6.25 

8....  6.9  +6.3  =  +  1.0  1.00 

9....  5.2  +14.2  =  +11.0  121.00 

10....  1.0  +  1.0  =  +  0.4  0.16 

11....  9.1  +  0.3  =  —  5.3  28.09 

12....  3.7  —  3.9  =  —  6.2  38.44 

13....  5.3  +10.4  =  +  7.1  50.41 

14....  4.2  +  0.3  =  —  2.9  8.41 

15....  6.2  +  2.7  =  —  0.5  0.25 

16.. ..  6.8  +  3.4  =  —  0.8  0.64 

17....  1.8  +  0.4  =  —  0.7  0.49 

18....  0.6  +  1.8  =  +  1.6  2.25 

19....  3.7  +  2.0  =  —  0.3  0.09 

20....  1.0  -  1.5  =  —  2.1  4.41 

21....  8.2  +  6.2  =  +  1.1  1.21 

22....  3.1  —  3.0  =  —  4.9  24.01 


4K«  — 2K(ii— •)  V 

+  2.7 

+  4.5 

—  4.6 

0.66    —  0.9 

1.40    —  1.2 

9.84    +  3.5 

1.90    —  2.2 

36.57 

73.84 

1.00 

2.73 

14.43 


28.09  +  21.73 
47.61  +  43.47 
8.41  —  It 
4.84  — 
4.00  — 
5.76  + 
1.00  — 
47.61  + 
■f 
+ 
+ 


27.04 

1.00 

82.81 

13.69 


28.09  +  65.12 


17.64 
27.04 
46.24 

3.24 

0.25 
13.69 

1.00 
67.24 

9.61 


1. 

14.04 

23.12 

0.72 

0.90 

7.40 

150 

50.84 

9.30 


+  3.5 
+12.8 
+  0.7 

—  2.7 

—  4.9 
+  9.0 

—  1.4 
+  1.4 
+  1.6 

—  0.1 
+  1.7 
+  1.0 

—  1.8 
+  4.1 

—  3.8 


vv 
2K 
1.38 
2.93 
7.30 
.  CK37 
8  0.72 
%  5.10 
a484 
i   1.77 
§31.51 
fl  0.49 
o  0.60 
24.01  %  6.49 
81.00  1 15.28 
1.96  g,  0.47 
1.96  g*  0.38 


7.29 

20  J^ 

206 

0.81 

1.44 

12.25 

4.84 

12.25 

163.84 

0.49 

7.29 


2.56 
0.01 
2.89 
1.00 
3.24 
16.81 
14.44 


0.38 
0.00 
5.78 
0.27 
3.24 
2.05 
4.66 


336.37 

485.90  +299.85 

401.79      96.21 

v" 

v"v" 

23.... 

3.7«'^ 

+  4.9  =  +  6.2 

38.44 

13.69  +  iai3 

+  3.9 

15.21        4.11 

24.... 

0.6 

-  1.0  =  ~  O.rt 

0.64 

0.25  —    0.50 

-1.1 

1.21        2.42 

25.... 

5.5 

+  0.7  =  +  2.6 

6.76 

30.25  +    3.85 

-  0.7 

0.49  ^  0.09 

46.24  1  6.51 

1.69  ;S  0.21 

26.... 

7.1 

—  6.0  =  —  2.5 

6.25 

50.41  —  35.50 

—  6.8 

27.... 

8.2 

+  3.4  =  +  6.3 

39.69 

67.24  +  27.88 

+  1.3 

28.... 

1.6 

—  0.2  =  4-  0.4 

0.16 

2.56  —    0.32 

-0.6 

0.36  •  0.22 

29.... 

3.3 

—  4.4  =  —  3.2 

10  24 

10.89  —  14.52 

—  6.3 

28.09  g  8.51 

30.... 

3.6 

+  1.6  =  +  2.8 

7.84 

12.25  +    5.60 

+  0.7 

0.49  Z  0.14 

3.24  1   1.12 

2.25  5  0.56 
1.00  a  0.43 

31.... 

2.9 

—  l.O  =        0.0 

0.00 

8.41  —    2.90 

-1.8 

32.... 

4.0 

+  2.5  =  +  3.9 

15.21 

16.00  +  10.00 

+  1.5 

33.... 

2.3 

-  0.4  =  +  0.4 

0.16 

5.29  —    0.92 

-1.0 

34.... 

6.9 

—11.8  =  —  9.4 

88.36 

47.61  -  81.42 

—13.6 

184.96  g26.H0 

35.... 

3.8 

-  5.0  =  -  3.7 

13.69 

14.44  —  19.00 

—  6.0 

36.00  «  9.47 

36.... 

1.7 

-  4.0  =  —  3.4 

11.56 

2.89  —    6.80 

—  4.4 

I9.m  1 11.39 

37.... 

1.2 

—  1.3  =  -  0.9 

0.81 

1.44  —    1.56 

—  1.6 

2.66  M  2.13 

Normal  eqaatious: 

+  485.90x'  + 299.85  =  0 


239.81        283.62  —  97.98  744.94     74.11 

+  283.6235"  — 97.98  =  0 


x'==  — 0.62 
Prob.  error  of  a  single  observation : 

fo'  =  -t  0.0745 J^^^^  =  ±  2.70 

Prob.  error  of  unknown  quantity : 

mm 


x"  =  +  0.35 
ro"=±  0.6745^^?  =  ± 

-  //  —     t-o"  _    1        2.79 


mm 
2.79 


mm 


V283.62 


VPe       "^1^485.90 

mm 

«*  =  —  0.62  ±  0.12  «"  =  +  0.35  ±  0.17 

Supposing  no  change  in  unknown  quaatityi  wo  have  the  normal  equation 


=  ±0.17 


+  769.52  x+ 201.87  =  0 
ro=±0.6745^^=±3"^ 

mm  mm 

«==  — 0.26  ±0.11 


x  =  — 0.26 
r.  3.07 

r.  =  ±y/p,  =  ±  1/7(39:52= ±  O-H 
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DeiermiMaiion  of  relative  pen&nal  equation  of  Assiaiania  Johnson  and 
reauiiM  of  that  portion  of  the  line  from  Keokuk,  Iowa,  to  OrafUm, 
tew^orarg  henen-marke  65  and  151. 
B.M. 

66 

67 


Fergueon  from  Ike 
III.,  lying  between 


70. 
73. 
75. 
78. 
79. 
23. 
24. 
82. 
85. 
25. 
87. 
88. 
89. 
91. 
92. 
94. 
95. 
97. 


101.. 
102.. 

31.. 
104.. 
106.. 

32.. 
108.. 
109.. 

33.. 
111.. 
113.. 
114., 
115.. 
116.. 

35-, 
119.. 

36.. 
123.. 
124.. 

37., 
125.. 
126.. 
127.. 
128.. 
129.. 

38.. 
130.. 
131.. 
132., 

40.. 
133.. 
135.. 
136., 
137.. 
138.. 
139.. 
140.. 
141.. 
141i. 
143.. 
145.. 
146.. 
148.. 
150.. 
151.. 


Kif 

(J 

— F)             V 

w 

K« 

K(J 

0.48 

2.4*' 

— 

0.2  =  —  0.7 

0.49 

5.76 

— 

2.8 

.. 

2.2  ==  -h  0.5 

0.25 

7.84 

-h 

6.16 

0.8 

.. 

2.8  =  -f  2.3 

5.29 

0.64 

-h 

2.24 

2.6 

-. 

6.9  =  -f  5.3 

28.09 

6.76 

+ 

17.94 

3.3 

-. 

1.9  =  -  0.1 

0.01 

10.89 

-h 

6.27 

4.2 

— 

2.0  =  —  4.6 

21.16 

17.64 

8.40 

2.5 

-h 

1.7  =  -h  0.2 

0.04 

6.25 

-f 

4.25 

1.2 

. 

1.5  =  -h  0.8 

0.64 

1.44 

+ 

1.80 

2.0 

. 

3.5  =  --  2.3 

5.29 

4.00 

+ 

7.00 

1.4 

. 

1.8  =  -f  0.9 

0.81 

1.96 

+ 

2.52 

2.3 

— 

0.5  =  —  1.9 

3.61 

5.29 

1.15 

2.6 

'  3.2  =  +  1.6 

2.56 

6.76 

+ 

8.32 

1.4 

.. 

1.7  =  -h  0.8 

0.64 

1.96 

+ 

2.38 

1.1 

— 

0.7  =  -  1.4 

1.96 

1.21 

0.77 

1.2 

+ 

4.9  =  +  4.2 

17.64 

1.44 

+ 

6.88 

1.8 

+ 

3.2  =  +  2.1 

4.41 

3.24 

+ 

5.76 

1.6 

-f 

2.1  =  +  1.1 

1.21 

2.56 

+ 

3.36 

1.3 

+ 

3.6  =  H-  2  8 

7.84 

1.69 

+ 

4.68 

0.9 

+ 

1.4  =  +  0.8 

0.64 

0.81 

+ 

1.26 

1.0 

0.2  =  —  0.8 

0.64 

1.00 

0.20 

2.0 

— 

1.7  =  —  2.9 

8.41 

4.00 

— 

3.40 

2.4 

0.0  =  —  1.5 

2.25 

5.76 

0.00 

2.6 

+ 

4.8  =  -f  3.2 

10.24 

6.76 

+ 

12.48 

2.0 

+ 

1.7  =  -f  0.5 

0.25 

4.00 

H- 

3.40 

1.4 

+ 

0.7  =  —  0.2 

0.04 

1.96 

+ 

0.98 

1.0 

+ 

1.7  =  +  1.1 

1.21 

1.00 

1.70 

3.4 

4.2  =  -  6.3 

39.69 

11.56 



14.28 

0.3 

+ 

2.7  =  -h  2.5 

6.t25 

0.09 

+ 

0.81 

1.7 

+ 

0.2  =  —  0.8 

0.64 

2.89 

-f 

0.34 

1.3 

+ 

3.8  =  -h  3.0 

9.00 

1.69 

+ 

4.94 

1.3 

+ 

0.6  =  —  0.2 

•0.04 

1.69 

+ 

0.78 

1.4 

+ 

0.1  =  —  0.8 

0.64 

1.96 

+ 

0.14 

3.0 

2.5  =  —  4.4 

19.36 

9.00 

7.50 

1.2 

+ 

3.4  =  -h  2.7 

7.29 

1.44 

+ 

4.08 

1.0 

+ 

2.1  =  +  1.5 

2.25 

1.00 

+ 

2.10 

1.1 

3.6  =  —  4.3 

18.49 

1.21 

3.96 

2.8 

+ 

4.7  =  -h  3.0 

9.00 

7.84 

+ 

13.16 

1.0 

-h 

1.3  =  +  0.7 

0.49 

1.00 

+ 

1.30 

1.4 

2.4  =  —  3.3 

10.89 

1.96 

3.36 

3.3 

+ 

2.2  =  -h  0.2 

0.04 

10.89 

+ 

7.26 

1.0 

-f 

3.6  =  +  3.0 

9,00 

1.00 

+ 

3.60 

0.7 

1.9  =  —  2.3 

5.29 

0.49 

1.33 

1.4 

+ 

5.1  =  -h  4.2 

17.64 

1.96 

+ 

7.14 

0.7 

1.0  =  -  1.4 

1.96 

0.49 

0.70 

2.0 

+ 

1.2  =        0.0 

0.00 

4.00 

+ 

2.40 

0.8 

+ 

0.4  =  —  0.1 

0.01 

0.64 

-1- 

0.32 

1.4 

0.3  =  -  1.2 

1.44 

1.96 

0.42 

1.4 

— 

0.8  =  -  1.7 

2.89 

1.96 

— 

1.12 

1.5 

+ 

4.4  =  +  3.5 

12.25 

2.25 

+ 

6.60 

1.0 

+ 

2.C  =  +  2.0 

4.00 

1.00 

-h 

2.60 

2.1 

0.7  =  —  2.0 

4.00 

4.41 

1.47 

0.5 

+ 

2.3  =  +  2.0 

4.00 

0.25 

-h 

1.15 

1.4 

1.8  =  -  2.7 

7.29 

1.96 

2.52 

3.0 

+ 

2.9  =  -h  1.0 

1.00 

9.00 

+ 

8.70 

1.0 

+ 

4  0  r=  +  3.4 

11.56 

1.00 

+ 

4.00 

0.8 

+ 

0.2  =  —  0.3 

0.09 

0.64 

+ 

0.16 

0.9 

+ 

2.3  =  +  1.7 

2.89 

0.81 

+ 

2.07 

1.6 

2.4  =  —  3.4 

11.56 

2.56 

3.84 

0.7 

+ 

2.5  =  -f  2.1 

4.41 

0.49 

+ 

1.75 

1.6 

+ 

4.7  =  +  3.7 

13.69 

2.56 

-f- 

7.52 

0.9 

+ 

3.0  =  -f  2.4 

5.76 

0.81 

-h 

2.70 

2.1 

+ 

3.3  =  -f-  2.0 

4.00 

4.41 

+ 

6M 

2.5 

+ 

1.0  =  —  0.6 

0.36 

6.25 

-f 

2.50 

0.5 

+ 

0.3  =        0.0 

0.00 

0.25 

+ 

0.15 

2.1 

+ 

0.1  =  —  1.4 

1.96 

4.41 

0.21 

2.5 

+ 

1.3  =  —  0.2 

0.04 

G.25 

-f 

3.25 

0.3 

+ 

0.6  =  +  0.4 

0.16 

009 
.  228.74 

+ 

0.18 

376.94  4 

141.90 
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Nonnal  equation : 

28a74«'+141.90=0  35'=— 0.62 

I     a»Mr     P76.94  nim  j  g|  mm 

x'=— o.e2±o.u 


DiMorepande*  helween  north  and  »o%th  linea  of  levels  between  Eeokukf  Iowa,  and  FnUanf  2ZL, 
by  Aenstants  J,  B,  Johnson  and  0.  W,  Ferguson, 


0.  W.  Fergason,  oboeirer. 

^        J.  B.  Johnson,  obstrvet. 

n^-4 

l^-« 

Kaof 
benoh'inark. 

Diatance. 

No.  of 
bencfa-mark. 

Distance. 

Pine. 

Foot- 
plAten. 

Pins. 

Tbot. 
plates. 

1* 

1.7 

-LI 

-  8.0 

2* 

L4 

4-2.7 

4-2.7 

«• 

1.6 

4-0.6 
+  0.1 

4-4.8 

U.  S.     1* 

0.6 

-  2.6 

-  0.4 

e* 

1.2 

3» 

2.4 

-  U.2 

-  4.4 

9 

1.7 

-  L8 

7 

L7 

-  2.0 

10 

3.6 

+  LO 

a 

L2 

-  0.2 

12 

0.8 

-0.8 

u.  a   8 

0.4 

-  3.5 

18 

1.6 

4-0.6 

11 

2.2 

-  5.0 

17 

0.9 

4-0.1 

14 

L6 

-  2.0 

U.  S.     4 

1.1 

4-0.« 

15 

L4 

4-0.8 

U.  S.     6 

0.0 

1  L6 

16 

L6 

-8.8 

U.  8.     6 

1.4 

4-2.7 

18 

1.5 

4-2.8 

22 

1.7 

-0.0 

10 

L6 

-  8.7 

23 

1.6 

4-2.8 

20 

L7 

-  L2 

24 

1.7 

1l4 

29* 

L5 

-  8.0 

-  0.9 

26 

0.8 

4-  0.5 

80*. 

0.6 

-  0.8 

-  0.8 

27 

1.6 

I3.O 

83** 

0.2 

4-0.7 

-  0.2 

28 

1.4 

-  0.1 

85* 

L6 

-  3.1 

4-L3 

82 

0.0 

-  8.7 

86* 

L6 

4-5.6 

-  2.6 

33 

0.8 

-  L6 

38* 

0.8 

-4.5 

-  L8 

84 

1.4 

4-0.2 
+  4.3 

30* 

0.8 

-  5.8 

-2.8 

U.S.   10 

L6 

42- 

L5 

-  5.8 

-  2.8 

37 

1.2 

-  8.6 

«    *3* 

L8 

4-3.2 

4-0.6 
+  0.8 

40 

1.3 

-  LO 

U.  S.   13* 

LI 

4-2.0 

41 

1.6 

4-3.8 

471 

LI 

4-8.2 

44 

1.6 

4-8.6 

48 

0.6 

-  0.4 

45 

L7 

-1.0 

51 

ao 

4-Ll 

46 

1.4 

-  LI 

62 

0.8 

-  L9 

40 

1.3 

4-  L2 

58 

0.0 

4-2.2 

+  5.8 

U.  S.  16 

0.4 

--L2 

54 

L4 

60 

L3 

+  2  1 

56  B 

0.8 

4-L5 

65 

1.2 

-  8.8 

57 

0  5 

--L6 

56 

1.4 

-  2.7 

58* 

LO 

+  4.1 

-  LI 

66  A 

1.0 

4-0.6 

64 

0.7 

4-0.1 

69 

1.3 

-  2.8 

65 

LO 

-LS 

60 

1.2 

-  L3 

66 

LI 

-  0.8 

61 

L2 

-  2.1 

60 

L2 

4.L9 

62 

1.6 

-  3.0 

70 

L4 

3  0.8 

63 

0.8 

4-2.0 

71 

LI 

-f  0.9 
--5.4 

67* 

1.7 

4-10.0 

4.3.8 
--2.2 

74 

LI 

68 

ao 

76 

L8 

-  0.8 

72 

1.3 

-  0.3 

76 

0.8 

4.0.6 
+  0.9 

78 

2.6 

ha7 

77 

L3 

78 

L3 

. 

-L8 

84 

L5 

-  4.8 

70 

1.1 

_ 

-LO 

85 

L8 

-  2.6 

80 

0.4 

. 

-0.7 

86 

L3 

4-L2 
+  8.7 

81 

0.6 

. 

-L8 

87 

LI 

82 

L5 

_ 

-  3.8 

88 

LO 

4-2.6 
+  L8 

83 

1.2 

-  0.4 

00 

0.2 

89 

.      3.4 

-f-0.6 
4-0.6 

05* 

L2 

-  3.4 

-4.8 

U.S.   22 

0.8 

06 

LO 

-  L2 

92 

0.1 

J 

1-0.1 

07 

0.0 

4-L7 
4- LI 

93* 

LI 

. 

-L8 

-  6.6 

100 

L8 

94* 

0.0 

. 

-0.3 

-  0.5 

101 

0.8 

-  L8 

98 

1.0 

- 

-2.8 

104 

0.2 

4-0.4 

99 

1.2 

. 

-0.8 

106 

L6 

-  4.5 

102 

0.6 

-  L8 

107 

LO 

-  6.0 

103 

0.1 

+  LI 

110 

L7 

4.4.0 

+  L0 

107 

LO 

-  2.2 

111 

L5 

108 

L6 

-  0.7 

117 

L4 

+  2.2 

109 

LI 

H 

f-0.1 

1 

118 

0.0 

-  8.8 
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DUerepande9  hetweeii  north  and  south  Hmb  of  level,  ^o. — Continaed. 


0.  Vr.  Fergnaoo,  obserrer. 

J.  B.  Johnaon,  observer. 

n^-e 

n^-4 

No.  of 
beDch-mark. 

Difltanoe 

No.  of 
bench-mark. 

Diatance. 

Pln«. 

Foot, 
platea. 

Plna. 

Footr 

U2 

0.7 

+  3.6 

119 

L8 

+  a9 

U3 

0.7 

-a2 

124 

ao 

-  a4 

114 

0.8 

1-2.9 

• 

125 

LO 

-  2.2 

115 

LO 

- 

-2.6 

126 

a  9 

-  2.2 

116 

0.5 

. 

-  LI 

127 

a  6 

. 

l-Ll 

120 

iJ 

. 

-  L3 

128 

2.2 

. 

-2.5 

121 

-  2.0 

132 

L8 

. 

-L2 

122 

L2 

-  8.3 

133 

L3 

. 

-3.5 

123 

1.3 

-  ai 

137 

L3 

- 

-  L3 

* 

120 

1.0 

+  3.2 

+  a6 

138 

\      1.2 

—  ao 

U.  a  29 

0.8 

189 

L5 

-  a6 

130 

LI 

-as 

U.  S.   34 

a  7 

-  LO 

131 

L6 

-  5.1 

142 

a  7 

+  a6 

134 

1.5 

-  3.1 

143 

L2 

12.6 

U.  S.  31 

LI 

-  a6 

35  A 

a9 

-  ao 

135 

LO 

+  L6 

147 

D.6 

-  L4 

130 

0.5 

.   +  2.5 

148 

a7 

-  2.9 

140 

L4 

+  1.6 

151 

a  5 

-  a7 

141 

LI 

-2.4 

152 

L4 

+  L3 

144     • 

LI 

-  2.5 

156 

LO 

3  1.5 

145 

a7 

-  ai 

157 

ao 

-  2.1 

146 

LI 

. 

h8.6 

161 

L4 

+  3.5 

140 

a7 

. 

-a4  1 

162 

LI 

--4.4 

ISO 

L8 

- 

-ai  ; 

163 

LO 

--4.5 

163 

0.3 

. 

-a2  1 

1C8 

L6 

-  a8 

154 

as 

-  2.9 

170 

LI 

+  a3 

155 

0.6 

-  a3 

173 

a7 

--L0 

158 

LO 

-  2.6 

176 

L8 

■f  2.6 

150 

0.6 

-  LI 

179 

LI 

-  3.2 

160 

0.2 

_  2.0 

180 

LI 

+  3.9 

164 

L2 

-.  2.6 

181 

LO 

+  ai 

-i-L4 

165 

L2 

ua4 

182 

LO 

166 

L8 

. 

-3.2 

186 

ao 

-  a3 

171 

L4 

. 

-L6 

187 

L2 

-l 

ha6 

172 

a8 

_ 

.a6 

188 

a  7 

- 

-2.0 

176 

2.0 

1  ai 

191 

L3 

. 

-4.7 

177 

0.9 

-  3.7 

102 

L9 

- 

-2.1 

178 

0.8 

-  a7 

104 

a  9 

- 

h2.8 

183 

ao 

J 

ha5 

-  3.0 

195 

L4 

-  ai 

184 

L3 

. 

-3.7 

-  4.9 

199 

L3 

+  a5 
-j-a9 

189 

ao 

_ 

-L9 

200 

L2 

100 

L2 

. 

-4.2 

201 

a  8 

-  L3 

192  A 

2.1 

-  L8 

202 

2.0 

+  3.2 

193 

a  7 

-  L5 

203 

LO 

-  a4 

196 

2.9 

-  3.2 

207 

1.4 

+  3.7 
+  1.0 

197 

L4 

+  4.5 

+  a2 

208 

L4 

198 

L6 

+  4.2 

63A 

2.0 

+  L3 

204 

LO 

-  2.6 

212 

LO 

-  8.5 

205 

as 

+  L0 

213 

LO 

+  3.6 

206 

2.0 

-  LI 

209 

2.3 

+  a8 

210 

LO 

-  L8 

211 

a7 

-  L6 

ToaitiTe  dIaoiepAnciea 
KegatiTe  diacrepanotes 


+  83.2     +85.8 
-  63.8      -  5L1 

+  19.4     -  15.8 

+  41 

41  28 

84  28 


+  60.9 

-7a2 

+  7L0 
-1.6a5 

-15.3 

+  14.6 

- 

as 

81 
29 

82 
82 

L86 


hm 


8.28 


LOO 
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DUorepandes  between  north  and  eouth  lines  leveled  hif  AeHatant  Paige  hetween  Columbm  and 
Memphis  and  Friar's  Faint  and  Prentiss, 


NaofUne. 

[2K] 

[s-n] 

No.  of  line. 

[2K] 

[s-n] 

k.m. 

m.  m. 

km. 

m.m. 

8 

0.8 

+    5.4 

43 

69.9 

-174.8 

4 

2.9 

+    6.8 

44 

74.4 

-180.4 

9 

4.8 

+    2.4 

50 

75.7 

-180.8 

12 

6.1 

-    7.9 

51 

80.9 

-177.7 

18 

7.0 

-    7.2 

66 

88.8 

-185.7 

14 

9.8* 

-  11.3 

68 

90.7 

-190.4 

15 

15.6 

-  25.6 

82 

92.8 

-193.8 

10 

17.8 

-  40.6 

83 

95.1 

-198.9 

17 

18.1 

-  37.4 

84 

97.0 

-201.8 

19 

22.5 

-  68.9 

85 

9a8 

-208.8 

20 

31.4 

-  71.2 

80 

104.1 

-216.6 

21 

83.6 

-  75.5 

94 

105.5 

-226.8 

22 

89.7 

-  80.7 

95 

109.4 

-246.8 

28 

42.7 

-  87.3 

96 

112.8 

-251.9 

24 

J14 

-  96.0 

99 

115.5 

-266.7 

25 

-102.8 

101 

ll&l 

-2T9.1 

28 

49.6 

-104.7 

130 

iia8 

-278.7 

29 

51.8 

-122.6 

10' 

122.8 

-286.8 

80 

55.8 

-147.0 

11' 

124.6 

-280.9 

81 

61.7 

-161. 5 

18' 

126.8 

-286.8 

82 

62.8 

-163.4 

23' 

129.4 

-29a  0 

85 

66.0 

-166.7 

27' 

131.4 

-800.1 

41 

67.4 

-170. 5 

36' 

133.4 

-805.8 

JHserepaneies  between  results  of  levels  by  Assistants  Paige  and  JPVo«t  fiom  ItMling 
Columbus  and  Memphis  and  Friai^s  Point  and  Prentiss. 


No.  of 
line. 

[K] 

[F-P] 

No.  of 
line. 

[K] 

[F-P] 

26 

2.0 

+    5.9 

129 

loas 

+27a7 

27 

4.4 

-H  22.2 

130 

ioa7 

+270.8 

83 

6.4 

+  30.4 

131 

109.8 

+271.8 

84 

8.0 

.   +  2a4 

132 

109.8 

+272.0 

87 

10.4 

-H  40.7 

133 

113.0 

+284.9 

88 

18.4 

-1-55.8 

134 

117.9 

+30L1 

89 

18.0 

+  614 

135 

122.1 

+806.7 

40 

21.4 

-H  66.1 

136 

123.8 

+3ia9 

41 

22.1 

4-63.7 

137 

124.5 

+815.6 

42 

26.1 

+  54.6 

138 

127.9 

+821.8 

48 

27.4 

4   53.8 

146 

131.9 

+830.9 

45 

29.7 

+  49.9 

147 

132.9 

+385.4 

48 

33.6 

i-  £8.0 

.    148 

133.7 

+831.7 

49 

84.5 

+  56.8 

'    149 

135.0 

+332.5 

62 

86.1 

+  04. 4 

150 

135.8 

+342.8 

53 

37.1 

+  60.9 

151 

13^8 

+843.8 

54 

8a6 

+  77.2 

152 

1H7.7 

+345.8 

55 

39.8 

+  84.8 

,    153 

141.1 

+  351.5 

56 

41.1 

+  88.8 

154 

142.0 

+35ao 

57 

41.9 

+  96.3 

155 

142.9 

+  855.8 

60 

43.4 

+  95.0 

156 

144.5 

+357.9 

60 

45.4 

+  99.1 

157 

14^8 

+3a'>.7 

61 

45.9 

+  99.2 

158 

14a8 

+36a8 

62 

48.3 

+107.  6 

159 

1.-4.2 

+875.9 

65 

48.8 

+103.8 

160 

i.-iao 

+382.4 

66 

52.7 

+121.4 

161 

157.0 

+875.1 

67 

54.1 

+  131.0 

162 

l.«^7. 9 

+382.5 

69 

56.4 

+123.6 

163 

159. 1 

+389.0 

70 

60.2 

+  185.0 

164 

101.3 

+400.2 

71 

61.2 

-hl43.9 

165 

164.1 

+409.7 

72 

61.4 

+145.7 

34' 

107.2 

+410.8 

73 

65.7 

+150.3 

35' 

109.5 

+40a6 

74 

66.2 

+155.4 

36' 

170.5 

+415.1 

75 

67.8 

+165.  6 

37' 

173.6 

+420.4 

97 

70.7 

+160.7 

38' 

174,6 

+4ia4 

98 

72.9 

+162.1 

89' 

175.2 

+417.3 

99 

74.3 

+167.6 

40' 

170.2 

+421.8 

100 

76.5 

+171.0 

41' 

17a6 

+42&8 

101 

77.8 

+  181.4 

42' 

180.7 

+429.0 

102 

7a  7 

+186.6 

44' 

181. 4 

+484.4 

103 

79.8 

+188.9 

1      45' 

182.3 

+42a5 

104 

81.3 

+  189.3 

1      46' 

184.2 

+437.4 

105 

82.6 

+195.4 

1      47' 

18^8 

+443.9 

106 

84.2 

+200.  8 

48' 

189.6 

+48a4 

107 

85.9 

-f211.5 

1      49' 

191.7 

+441.1 

108 

87.6 

+209.3 

1      60' 

193.4 

+437.0 

109 

8a6 

+2ia8 

61' 

195.6 

+448.8 
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Di§ertptmeie§  hetwem  rwHito  of  leveU  bjf  AssiatanU  Paige  and  Frost,  fo. — Continiiod. 


No.  of 
line. 

[El 

13^-P)     j 

No.  of 
line. 

IKJ 

fF-PI 

110 

8Bl5 

+226.8 

52* 

197.3 

+441.4 

117 

9L4 

+220.8    j 

63' 

198.1 

+444.4 

118 

02.3 

+229.4 

64' 

199.1 

+445.7 

110 

02.8 

+238.6 

55* 

200.6 

+446.4 

120 

94.2 

+244. 2 

66^ 

202.8 

+45L7 

121 

07.0 

+246.9 

57' 

204.8 

+457.3 

122 

07.9 

+255.2 
4-260.5 

68' 

205.6 

+464.8 

128 

100.1 

59' 

206.7 

+467.0 

124 

101.3 

+270.7 

60' 

207.7 

+470.4 

125 

102.6 

+  260.4 

61' 

200.7 

+486L2 

126 

103.8 

+274.1 

62' 

213.0 

+488.8 

127 

104.8 

+276.4 

63' 

214.0 

+408.8 

128 

106L0 

+277. 9 

64' 

215.8, 

+496.8 

Di§cr^ameie9  behpeen 


north  and  south  lines  of  levels,  run  by  L,  L,  Wheeler,  between  Auetim 
and  Friar's  Point,  Miss, 


B.1L 

IK] 

[*-n] 

B.M. 

[KJ 

I«-nl 

u.ai 

0.0 

0.0 

U.S. 

21.0 

+16.8 

1.6 

-2.8 

14 

23.1 

+20.8 

2.7 

-2.0 

15 

23.7 

-17.0 

3.6 

-5.8 

16 

25.8 

-15.5 

4.6 

-6.1 

17 

27.8 

-10.0 

6.0 

-8.3 

18 

29.1 

.2L2 

6.0 

-10.5 

10 

31.1 

-ia5 

7.9 

-0.4 

20 

31.9 

-10.4 

8.7 

-  0.4 

21 

34.4 

-23.2 

10.8 

-12.6 

;       22 

36w4 

_ 

-28.0 

10 

12.5 

-12.8 

U.S. 
23 
24 

36.9 

_ 

-23.6 

11 

13.6 

-13.6 

39.9 

.-32.8 

12 

16.6 

-17.1 

42.2 

--84.0 

U.& 

16.5 

-16.8 

U.S. 

43.5 

--86l5 

18 

19.7 

[-17.6 

Precise  levels  from  Keokuk  j  Iowa,  to  QrafUm,  III, 


B.M. 

Distonoe. 

8.-N. 

[S.-N.]' 

1 

RM.| 

DiBtaBoe. 

S.-N. 

[S^K.] 

im. 

m.i».  ' 

m.m.  ' 

! 

km. 

f».  m. 

m.  m. 

66 

112.86 

-0.2  1 

—  0.2 
+  2.0  1 
+  4.8  ' 

115 

176.70 

+2.1 

+52.8 

67 

116.61 

+2.2  , 

116 

177.85 

-3.6 

+48.7 

68 

116.38 

+2.8  1 

35 

180.63 

+4.7 

+53.8 

70 

119.02 

+6.9 

-hll.7 

119 

181.00 

+L3 

+54.6 

78 

122.29 

+1.0 

+  13.6  1 

36 

182.96 

-2.4 

+52.9 

75 

126.51 

—2.0 

+11.6 

323 : 

186.24 

J- 2. 2 

+54.4 

78 

129.02 

+  1.7 

+13.3 

124 ; 

187.26 

+3.6 

+57.8 

79 

130.26 

+1.5 

+14.8 

37  I 

187.92 

—1.9 

+55.9 

28 

132.30 

+3.5 

+18.3 

125  ' 

180.28 

+5.1 

+61.0 

24 

133.74 

+1.8 

+•.•0. 1 

126, 

189.99 

-LO 

+60.0 

82 

136.00 

—0.5 

+  10.6 

127  ! 

101. 95 

+L2 

+61.2 

85 

188.59 

+3.2 

+  2?.  8 

128 

192. 72 

+0.4 

+61.6 

25 

140.02 

+1.7 

+i:4.5 

120 

194.10 

-0.3 

+6L3 

87 

14L07 

—0.7 

+23.8 

38 

195. 45 

—0. 8     +60. 6 

88 

142.29 

+4.9 

+2a7 

130 

196.95 

+4.4  '  +64.9 

89 

144.08 

+3.2 

+31.9 

131  1 

197.93 

+2.0 

+  67.5 

91 

145.68 

+2.1 

+34.0 

132  i 

200.00 

-0.7 

+66.8 

92 

147.02 

+3.6 

+37.7 

40 ; 

200.51 

+2.3 

+60.1 

94 

147.95 

+1.4 

+39.1 

133  I 

201.87 

-1.8 

+67.8 

*95 

148.93 

—0.2 

+88.0  ; 

135 

204.91 

+2.9 

+70.2 

07 

152.75 

-L7 

+37.2 

136 

205.92 

+4.0 

+74.2 

90 

16&15 

0.0 

+37.2 

187 

206.74 

+0.2 

+74.4 

101 

157.80 

4  4.8 

+42.0 

188 

207.62 

+2.3 

+76.7 

102 

159.76 

+  1.7 

+43.7 ; 

139  1 

209.24 

-2.4 

+74.8 

31 

161.18 

+0.7 

+44.4  1 

1      140  1 

209.93 

+2,5 

+76.8 

104 

162. 18 

+1.7 

+46.1 

141 

211. 52 

+4.7 

+8L5 

106 

16&62 

-4.2 

+41.9 

'      \A\\ 

212.41 

+3.0 

+84.5 

82 

165.96 

+2,7 

+44.6 

1      143  1 

214. 52 

+3.3 

+87.8 

108 

167.64 

+0.2 

4  44.8 

145, 

217.02 

+1.0 

+88.8 

100 

168.93 

+3.8 

+4ao 

1      146  1 

217.53 

+0.3 

+89.1 

3S 

170.24 

+0.6 

+4n.  2 

148 

210.65 

-0.1 

+89.9 

lit 

17L62 

+0.1 

+40.3 

'       l.-iO 

2>2. 15 

i    +1.3 

+90.5 

118 

174.56 

-2.5 

+46.8 

151 

222.48 

+  0.6 

+91.1 

i 
/ 

m| 

176.74 

+3.4 

+60.2 

*i;S^ww&  99  and  97  liiare  is  a  lirer  onoaing. 
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Di8orq>aneie8  between  north  and  9auth  Une8  of  leveU  run  by  AaaUtant  Fergueon  between 
Gritfton  and  Cairo.  The  lines  beyond  T.  B.  M.  24U  are  not  wed  beoauee  methods  are 
chanyed. 


B.M. 

2(di8. 
tanoe). 

a-N. 

distraoe). 

Sam 
(8.-N.). 

'kk. 

2(dis. 
tanoe). 

S.-N. 

2  (sum       8am 
diatanoe).  (S^N.). 

20 

2.2 

-6.5 

2.2 

—  6.6 

lOl 

2.0 

—  4.9 

8&1 

—  42.6 

27 

2.9 

-0.7 

6.1 

-7.2 

102 

1.2 

—  1.1 

89.8 

-43.7 

83 

1.7 

+6.8 

6.8 

-0.9 

104 

2.6 

-6.7 

41.8 

—  60.4 

U 

8.6 

-4.5 

10.4 

—  6.4 

196 

2.6 

—  2.6 

44.8 

-62.9 

46 

1.7 

+4.8 

12.1 

—  0.6 

1    196 

2.7 

—  9.2 

47.0 

-62.1 

86 

1.7 

—8.8 

18.8 

—  8.9 

197 

1.8 

—  3.8 

48.8 

-66.9 

87 

2.8 

—1.0 

16.1 

-5.8 

208 

2.2 

+  0.3 

6L0 

—  65.6 

167 

1.1 

-4.7 

17.2 

—10.6 

,    209 

2.4 

-9.3 

63.4 

—  74.9 

160 

ao 

+0.1 

1     20.2 

—10.4 

217 

2.6 

-  6.2 

65.9 

—  80.1 

163 

3.1 

-8.4 

'     23.8 

-18.8 

218 

2.6 

-9.4 

68.4 

—  89.5 

28 

LI 

—0.6 

24.4 

—14  3 

,    232 

4.7 

-  7.6 

63.1 

-97.0 

40 

2.4 

—7.2 

26.8 

—21.6 

1    238 

0.8 

—  5.7 

63.9 

—102.7 

46 

1.1 

-2.0 

27.0 

-23.5 

1    236 

4.0 

-20.2 

67.9 

—122.9 

81 

2.1 

—7.7 

30.0 

-8L2 

;  m 

2.1 

—18.2 

70.0 

—186.1 

51 

a6 

+L2 

30.6 

—80.0 

289 

L8 

-1L4 

71.8 

—147. 6 

178 

0.7 

-L5 

3L8 

-8L6 

240 

2.2 

-12.8 

74.0 

-160.8 

84 

4.8 

-6.2 

86.1 

-87.7 

APPENDIX   D. 

RBPORTS  OF  CHIEFS  OF  PARTIES,  UPON  FIELD  WORK  OF  TOPOGRAPHY  AND  HYDROG- 
RAPHY, 188a-'83. 

1.— Report  of  Assistant  Engineer  J.  A.  Ockerson,  Arkansas  City  to  Green- 
ville AND  Natchez  to  Bayou  Sara. 

Office  Mississippi  River  Commission,* 

Saint  Louis,  Mo.,  Stptember  15,  1H83. 

Sir:  I  have  the  honor  to  Bnbmit  the  following  report  on  the  field  operations  under 
my  direction  daring  the  season  of  1882  and  1883. 

In  accordance  with  your  instructions,  the  party  left  Saint  Louis  on  Sept'Cniber  12, 
1882,  for  Arkansas  City,  arriying  at  the  latter  point  on  September  15.  The  quarter 
boats  Mississippi  and  Louisiana  and  the  tug  Frolic,  which  were  assigned  to  the  party, 
arrived  on  the  17th,  and  work  was  begun  at  once.  Tlie  organization  of  the  party  was 
as  follows:  J.  A.  Ockerson,  chief  of  party;  topographers,  B.  H.  Colby,  N.  B.  Craig, 
J.  C.  Quintus,  L.  C.  Jones,  F.  Felkel.  G.  M.  Anderson,  and  W.  Garvin ;  hydrographers, 
C.  W.  Clark  and  D.  S.  Flower;  levelers,  F.  B.  French  and  R.  C.  Hover;  draughtsman, 
Edwin  J.  Jolley.  £.  £.  Haskell  was  attached  to  the  party  until  October  19th,  when 
he  received  orders  to  report  for  duty  to  Assistant  L.  L.  Wheeler  at  Yicksburg.  F. 
Felkel  and  G.  M.  Anderson  Joined  the  party  on  October  16,  and  W.  Garvin  on  October 
28.  R.  B.  Whiteford,  who  started  out  with  the  party,  was  disabled,  and  was  or- 
dered to  Saint  Louis  on  September  29.  The  laboring  force  was  about  the  same  as  the 
previous  season. 

The  topo^rraphical  work  began  on  the  right  bank  at  Arkansas  City,  and  on  the  left 
bank  at  Ofiutt's  Landing,  where  the  work  of  last  season  ended. 

The  survey  was  completed  on  November  4  to  Barnes'  Landing,  about  2  miles  above 
Greenville,  where  it  Joins  the  work  of  Assistant  G.  Y.  Wisner. 

On  the  completion  of  this  reach  the  party  was  ordered  to  Natehez  to  resiyne 
the  survey  and  continue  down  the  river.  The  party  left  Greenville  with  quarter- 
boats  in  tow  of  the  tug  Frolic  on  November  5,  and  arrived  at  Natchez  on  November  8. 

The  survey  was  completed  to  Bayou  Sara,  where  it  Joined  the  work  of  Assistant 
C.  M.  Winchell,  on  February  19,  when  orders  were  received  to  disband  the  party 
and  return  to  Saint  Louis. 

The  stage  of  the  river  was  unusually  favorable  for  surveys  during  the  entire  season. 
At  the  beginning  of  the  work  there  were  many  places  which  were  impassable  from 
the  deposits  of  mud  left  by  the  previous  high  water,  and  in  such  oases  considerable 
detail  was  necessarily  omitted. 

From  the  beginning  of  the  season  till  the  middle  of  October  there  was  a  great  deal 
of  sickness  in  the  narty.  At  one  time  one-third  of  the  entire  party  were  sick  with 
malarial  fevers.  Of  the  original  party,  twenty  were  disoharged  before  October  25, 
on  account  of  sickness.  Judging  from  tnis  experience,  it  is  evident  that  it  is  not  safe 
to  take  the  field  prior  to  the  middle  of  October. 
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•  There  weie  thirty-three  days  of  rain  and  fog,  or  a  little  more  than  one-third  of  the 
entire  season. 

The  progress  of  the  work  is  dne  to  the  hearty  od-operation  of  my  assistants,  who 
are  deserving  of  credit  for  their  fidelity  and  energy. 

TBBTIART  TRIANGUI^TION. 

The  secondary  triangnlation  was  not  carried  over  Spanish  Moss  Bend,  and  at  other 
points  so  many  stations  had  caved  into  the  river,  that  a  tertiary  system  became  ne- 
cessary over  the  entire  reach  above  Greenville.  Below  Natchez  the  tertiary  work 
became  necessary  because  the  data,  such  as  azimuths  and  lengths  of  triangle  sides, 
was  not  furnished  to  the  party. 

The  tertiary  work  was  always  connected  with  the  secondary  stations  when  found, 
and  a  comparison  has  been  made  with  the  secondary  data  on  file  in  this  office.  The 
results  are  given  in  a  table  below.  The  tertiary  angles  were  measured  with  WUrd- 
emann,  No.  152,  reading  to  10  seconds,  and  Gambey,  No.  2,  reading  to  5  seconds. 

Angles  were  read  by  J.  A.  Ockerson  and  B.  H.  Colby.  # 

1 
dnnparisan  of  tertiary  with  secondary  triangulation. 


linM  oompsnd. 


Tertiary 
lengths. 


Secondary 
lengths. 


Batio  of 
diacrepancies. 


Wallwood-Carter 

Wins-Obers 

WUda-AUway 

Islaod-Pnllen 

S.  W.  Baee-Rodk  Hill 

Leathenoan-Stamp 

SteTenaon-Douglaas 

K.  W.  Banc  St  F.  church  spire. 


34 
10 
18 
88 


06 
25 


meUtrt. 
1889.07 
2818.4 
1088.6 
151&6 
3152. 0 
1547.2 
2223.8 
1380.7 


meUrt. 
1389.7 
2810.5 
1039.0 
1518.2 
3152.6 
1547.3 
2223.5 
1380.7 


1  in  46828 
lin  2502 
lin  4846 
lin  3706 
1  in  10500 
1  in  15472 
lin  7412 
Lengths  eqoal. 


The  following  method  was  used  in  reading  the  angles.  The  system  was  laid  out 
and  the  angles  generally  read  in  advance  of  the  topographers,  so  that  the  lengths 
of  sides  and  azimuths  could  be  used  to  check  the  stadia  work.  The  A  point  was 
marked  by  a  pole  about  2  inches  in  diameter,  and  bearing  a  red-and-white  nag  to  dis- 
tinguish it  from  the  ordinary  sounding  flags.  A  strip  of  white  cloth  was  fastened 
around  the  pole  near  the  bottom,  to  which  the  pointings  were  made,  thus  obviating 
errors  from  swayiuff  of  the  pole  in  the  wind,  or  from  its  being  out  of  plumb.  lu 
obeerving,  the  theodolite  was  placed  on  an  ordinary  instrument  tripod  centered  over 
the  hole,  after  removing  the  pole.  The  angles  were  read  three  times  on  different 
parts  of  the  limb  to  check  errors  of  reading.  Most  of  them  were  measured  with  Gam- 
bey No.  2.  No  attempt  was  made  to  confine  the  measuring  to  favorable  conditions  of 
atmosphere,  but  angles  were  read  whenever  the  target  could  be  seen  at  all. 

Flags  can  be  set  and  the  angles  read  over  a  reach  of  5  miles  a  day.  Considering 
the  time  spent  in  this  work,  the  results  shown  are  remarkablv  good. 

In  view  of  the  desirability  of  having  frequent  checks  on  the  stadia  work,  particu- 
larly where  there  are  so  many  new  observers,  I  would  suggest  that  the  topographical 
parties  be  required  to  locate  points  at  intervals  of  not  more  thau  a  mile,  by  means  of 
a  tertiary  system  of  triangnlation.  This  system  should  begin  and  end  on  lines  of 
known  length,  so  that  it  can  be  checked. 


TOPOGRAPHY. 

The  general  scope  of  the  topographical  work  was  the.same  as  last  season,  a  descrip- 
tion of  which  is  given  in  Appendix  G.  Progress  Report  of  the  Mississippi  River  Com- 
misstoo,  1^2.  The  compass  was  usea  in  running  lines  through  the  woods,  as  sug- 
gested in  above  report.  This  method  was  found  to  be  quite  satisfactory,  and  much 
more  rapid  than  the  transit  lines  used  in  former  work. 

Beyond  the  prescribed  topographical  limits  there  were  located  the  outlines  of  blufisj 
old  nver  lakes  and  bayous,  and  the  Red  River  from  Cut-off  Bayou  to  the  Mississippi 
River. 

HYDROGRAPHY. 

Many  mr>re  soundings  ware  taken  than  heretofore.  Besides  the  sections  normal  to 
the  channeiy  soundings  were  taken  along  the  line  of  deepest  water.    The  latter  work 
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was  preferably  done  during  calm  weather,  when  the  sonndinc  boat  was  allowed  to 
drift  along  the  thread  of  the  current.  The  deepest  water  found  auriug  the  season  was 
156  feet,  the  stage  of  river  being  abont  27  feet  below  the  high  water  of  1882.  This 
depth  was  found  at  two  points,  one  near  New  Texas,  and  the  other  about  five,  utiles 
above  Bayou  Sara. 

ORDINARY  LEVELS. 

The  levels  were  based  on  the  primary  elevations  of  the  United  States  Coast  and 
Geodetic  Survey.  Very  few  of  the  Coast  Survey  stone  lines  were  connected  with,  as 
the  stones  could  not  be  found.  Many  of  them  were  buried  below,  or  even  with  the 
surface  of  the  ground,  and  no  mark  was  left  above  the  surface  to  indicate  the  locality 
of  the  bench-mark. 

A  new  form  of  bench-mark  was  used  for  poiutH  situated  in  the  woods,  some  distance 
from  the  river,  the  object  being  to  increase  the  stability  and  make  them  more  conspic- 
uous, so  they  can  be  easily  found. 

This  bench-mark  consisted  of  a  flat  stone,  18  inches  square  and  4  inches  thick.  The 
upper  surface  was  dressed  smooth,  and  a  hole  was  drilled  in  the  center,  into  which 
a  cx>pper  bolt  was  leaded,  the  end  projecting  a  quarter  of  an  inch  above  the  face  of 

tlie  stone.    The  stone  was  marked  thus      .         This  was  placed  three  feet  below  the 

B  M 
surface  of  the  ground,  with  the  marked  surface  up,  care  being  taken  to  have  it  hor- 
izontal and  firm.  On  this  stone,  and  centered  over  the  copper  bolt,  a  cast  iron  pii^e, 
4  inches  in  diameter,  and  5  feet  long,  was  placed,  and  the  dirt  tamped  in  around  it. 
The  pipe  is  large  enough  to  admit  a  leveling  rod.  The  top  is  closed  with  a  cap,  which 
is  fastened  to  the  pipe  by  means  of  a  bolt. 
The  cap  is  marked  as  follows : 


The  elevation  of  both  the  top  of  the  pipe  and  the  stone  were  detenuined. 
The  amount  of  work  done  is  given  in  a  table  below. 

TOPOGRAPHY. 

Number  of  miles  of  river  surveyed  (above  Greenville,  36;  Natchez  to  Bayou 

Sara,  100) 136 

Average  miles  of  river  surveyed  per  mouth 27 

Number  of  square  miles  of  topography  (above  Greenville,  70i ;  Natchez  to  Bayou 

Sara,a50) 320.5 

Average  number  of  square  miles  per  mouth 64 

Number  of  elevations  determined 34293 

Average  number  of  elevations  per  square  mile Ill 

Number  of  triangulation  stations  occupied 237 

Number  of  base  lines  measured  with  steel  tape 3 

Number  of  stone  bench-marks  set 143 

HYDROGRAPHY. 

Total  number  of  soundings 23,606 

Number  of  sextant  angles  read 15,574 

Average  distance  between  sections dSO^ 

Nu mber  of  square  miles  of  hydrography 75 

Total  number  of  square  mUes  surveyed 395 

Plate  1  shows  the  portion  of  the  river  covered  by  the  soryey. 

CAVING  BANKS. 

The  rate  of  caving  in  the  bends  between  Arkansas  City  and  Greenville  during  the 
years  ItiSO  to  1882,  as  determined  by  comparing  the  present  position  of  the  shore 
line  with  its  position  when  the  triangulation  was  done,  is  given  in  a  table  below. 
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Thera  beiog  no  reliable  data  for  deteniiining  the  rate  of  caving  below  Natchez,  thia 
reach  has  been  omitted. 


IiotMlity. 


Cbanoter  of  iMuilai. 


rate  of 
caving. 


Tdltfw  Bend  2^  milM  below  Arkansas  City 

Yellow  Bend  3ft  mUes  below  Arkansas  City 

Yellow  Bend  opposite  Port  Anderson 

Georgetown  Bend  |  mile  below  Offatt's 

Geoiigetown  Bend  at  Entopia 

Gcorectown  Bend  at  Asbbrook  Point 

Rowdy  Beod  f  of  a  mile  below  Gaines  Landing  . 

Bovdy  Bend  2  miles  below  Gaines  Landing 

Cowdy  Bend  at  Scott's  Landing 

Hiller's  Bend  at  Morris  Landing 

Miller's  Bend  at  Tarpley  plaoe 


Clay  and  sand . 

Sand  and  siit'*. 
Clay  and  sand . 

...ao 

Sand  and  silt . . 
Clay  and  sand . 

.'.V.doV.'.'.V.V.V. 

...do 

...do 


MeUn. 


14 


80 
20 
85 
14 
22 
40 


SAND  WAYIfiS. 

A  minnte  survey  was  made  of  a  sand  bar  near  Fairview,  La. ,  for  the  purpose  of  show- 
ing the  sand  waves  which  are  characteristic  of  all  bars.  The  bar  selected  is  not  an 
extreme  case.  There  are  many  which  have  larger  and  higher  waves,  and  others 
which  are  comparatively  smooth.  In  the  latter  cose  the  waves  have  the  appearance 
of  a  iM>nd  whose  suiface  is  rnfiSed  by  a  gentle  breeze. 

It  is  evident  that  these  waves  are  mainly  due  to  the  action  of  the  water,  as  they 
are  frequently  found  on  the  lower  part  of  bars  composcdof  silt,  which  is  not  movable 
by  the  wind.  The  particles  on  the  above  bar  are  about  the  size  of  common  building 
sand.  Tho  crests  of  the  waves  are  smooth  curves,  which  are  frequently  parallel  for 
several  waves  in  succession. 

The  bluff  part  of  the  wave  is  on  the  down-stream  side,  and  is  frequently  nearly 
vertical.    The  sloi>e  on  the  up-stream  side  is  generally  very  gentle. 

A  plat  of  tho  Fairview  Bar,  which  shows  the  waves  by  means  of  contours  one  foot 
apart,  and  two  sections  of  the  bar,  is  appended  herewith.  A  model,  showing  the  bar 
in  relief,  has  also  been  prepared. 

LEVEES. 
ARKANSAS  CITY  TO  ORSBNVILLE. 

Sight  bank, — ^From  Arkansas  City  down  f  mile  the  ombaukment  of  the  L.  R.  and 
M.  R.  B.  B.  serves  the  purpose  of  a  levee.  Here  the  railroad  turns  back,  and  the  em- 
bankment of  an  old  abandoned  railroad  continues  along  the  river  for  1^  miles,  when 
it  disappears.  One  and  a  half  miles  lower  down  it  again  ap]>ears  and  follows  along 
the  bank  of  what  was  at  one  time  the  chute  of  Island  80,  to  Gaines  Landing,  the  only 
break  being  a  small  one  through  which  Boggy  Bayou  passes.  At  this  breaK  the  levee 
is  now  about  2  miles  from  the  river.  A  private  levee  incloses  tbe  plantation  at  Gaines 
Landing.  After  following  aloug  near  the  river  for  f  mile  below  Gaines  the  levea 
ends  abruptly  on  the  caving  bank  of  Rowdy  Bend.  This  break  is  about  3  miles  long, 
reaching  to  a  point  near  Scott  Landinfi^.  Here  the  levco  divides,  and  one  portion  of 
it  runs  south  about  half  way  across  the  point,  then  turns  west  and  runs  to  Yellow 
Bayou,  forming  a  back  levee  for  the  plantations  froutiut;  on  Spanish  Moss  Bond,  and 
turning  the  water  which  overflows  the  banks  in  Rowdy  Bend  into  Bayou  Magon. 

The  other  part  of  the  levee  follows  along  near  the  river  down  to  the  chute  of  Island 
82,  thence  down  the  chute  to  river  on  the  Tower  side  of  tbe  point,  thence  along  river 
bank  again  down  to  near  Bellevue  Landing.  Here  it  turns  and  joins  the  back  levee 
mentioned  above.  This  line  is  broken  in  many  places,  one  of  the  breaks,  near  Lin- 
wood,  being  about  i  mile  long. 

The  levee  be^ns  again  i  mile  below  Bellevue  and  600  meters  from  the  river,  and 
runs  down  till  it  joins  the  old  levee  about  i  mile  above  Luna.  The  old  levee  extends 
above  this  Juncture  about  a  mile.  From  Luna  the  levee  is  continuous  for  about  4^ 
miles,  when  it  is  a^y^ain  cut  off  by  a  caving  bank.  At  Point  Cbicot  Landing  it  appears 
again  and  runs  directly  back  from  tbe  river  for  a  distanee  of  600  meters,  where  it  is 
again  broken,  and  does  not  appear  till  beyond  the  limits  of  this  survey. 

Left  bamk, — From  Offutt's  Landing  the  levee  runs  almost  dire<?tly  across  to  a  point  1^ 
miles  above  Argyle  Landing,  leaving  Ashbrook  and  Woodstock  Points  outside.  It  is 
560  meters  from  the  river  at  the  lower  part  of  Miller's  Bend.  From  the  point  where 
it  strikes  the  river  above  Argyle  it  turns  and  runs  down  at  a  distance  of  ^  mile  from 
the  river  in  the  deepest  part  of  the  bend,  and  continues  down  behind  iBL'uid  83  to 
GieenviUe. 
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NATCHEZ  TO  BATOU  SAKA. 

Bight  ftanJfc.— From  Yidalia  the  levee  runs  down  near  river  bank  to  Whitehall.  Hero 
it  turns  back  and  mns  around  Natchez  Island,  coming  near  the  river  again  near  Croth- 
er's  Plantation.  From  latter  point  it  runs  abou  1 400  meters  from  the  river  t ill  i  t  reaches 
the  head  of  Saint  Catherine's  Bend,  where  it  turns  and  runs  directly  across  Esper- 
ance  Point  to  the  Pecan  plantation,  about  i  mile  above  Green's  Landing.  A  small 
levee  then  follows  along  near  the  river  for  a  distance  of  a  mile  and  there  ends.  From 
-  the  latter  point  to  Ashley  Landing  there  is  no  levee.  Then  comes  a  piece,  badly  broken, 
aggregating  IJ  miles  long.  Below  this  there  is  no  levee  till  we  reach  Fairview,  where 
there  are  several  patches,  with  a  total  length  of  about  li  miles.  At  Home  Place  we 
again  find  a  small  levee  1  mile  long,  and  small  patches  may  be  found  down  as  far  as 
Bong^re.  Then  there  is  no  levee  till  we  reach  Union  Point,  where  it  starts  back  along 
the  old  river  bank  behind  the  batture,  and  continues  for  about  3  miles.  Then  comes  a 
break  extending  to  Black  Hawk.  From  this  point  the  levee  follows  along  behind  a 
cypress  swamp  for  about  3  miles,  and  finally,  after  numerous  breaks,  is  lost  entirely, 
and  no  more  levee  is  found  till  Red  River  Landing  is  reached.  From  latter  point  it 
runs  along  near  river  to  Smithland,  where  it  turns  back  along  bank  of  Old  River, 
touching  the  river  again  at  Fleta  above  New  Texas.  There  is  an  old  levee  about  2 
miles  long  l^in^  along  bank  of  old  river  about  opposite  Tunica  Island  and  1  mile 
from  the  main  river. 

From  Fleta  the  levee  runs  down  near  the  river  to  Morganza  crevasse,  where  the 
**  Grand  Levee  "  is  broken  for  a  distance  of  1,200  meters,  l^low  this  the  levee  is  con- 
tinuous down  to  the  end  of  the  survey  at  Point  Conp6e,  except  the  ''Scott  crevasse," 
which  was  nearly  closed.    The  breaks  on  the  right  bank  aggregate  about  34  miles. 

Left  bank. — There  is  no  regular  system  of  levees  on  the  left  bank  till  we  reach 
Tunica  Island.  From  this  point  down  to  Bayou  Sara  there  was  formerly  a  levee. 
This  section  was  known  as  the  Greensburg  District.  But  little  of  the  levee  now  re- 
mains. There  are  small  patches  from  Greenwood  Landing  down  to  Sebastopol,  where 
it  disappears  entirely,  and  nothing  more  is  seen  of  it  tiU  we  reach  a  ^int  opposite 
Morganza.  From  the  latter  point  it  extends  down  to  Hard  wick  ditch,  opposite 
Stuart's  Landing.  It  begins  again  at  Coops'  wood  yard  and  runs  down  to  within 
half  a  mile  of  the  mouth  of  Bayou  Sara,  where  it  turns  back  towards  the  hills. 

There  are  private  levees  at  other  points.  Just  below  Hutchins  Landing  is  a  piece 
about  li  miles  long,  which  runs  behind  the  plantation  from  the  hills  to  the  river  bank. 

Behind  the  Corena  plantation,  opposite  Fairview,  is  a  levee  2^  miles  long,  which 
serves  to  keep  out  the  back  water. 

Allaway  plantation  has  a  small  front  and  back  levee  1^  miles  long.  Artonish  plan- 
tation above  Stamp's  Landing,  has  about  1  mile  of  levee.  Langside  plantation 
has  a  levee  along  lower  side  of  Clark's  Lake,  which  is  about  1  mile  long.  On  the 
Angola  plantation  a  levee  starts  in  about  opposite  Smithland  and  follows  along 
about  a  mile  from  the  river  for  a  distance  of  about  4  miles,  whenit  runs  into  the 
bluffs.  The  locations  of  the  above-described  levees  may  be  seen  on  Plate  1,  accom- 
panying this  report. 

BTONB  LINE  8BGTION8. 

In  the  Report  of  Mississippi  River  Commission,  Api>endix  G,  page  1G2,  a  discussion 
of  river-bank  profiles  is  given.  A  continuation  of  the  same  study  has  been  made  to 
embrace  that  part  of  the  river  lying  betweem  Arkansas  City  and  JDonaldsonville. 

The  sections  of  the  banks  do  not  dififer  materiallv  from  those  heretofore  published, 
until  we  reach  a  point  near  Baton  Rouge  (Stone  line  r^o.  11).  From  this  point  down  the 
levees  are  very  close  to  the  edge  uf  the  bank,  and  the  land  outside  of  the  levee  is  very 
often  three  or  four  feet  higher  than  that  on  the  inside.  This  indicates  a  deposit  of 
that  amount  since  levees  were  built.  Sometimes  this  deposit  reaches  nearly  to  the 
topof  the  levee. 

The  sections  of  the  river  bed  grow  gradually  narrower  and  deeper  as  we  approach 
Donaldson  ville. 

Respectfully  submitted. 

J.  A.  OCKSRSOK, 

AMHitant  United  StaiM  Engineer. 
First  Lieut.  Smith  S.  Lbagh, 

Seoreiary  Mieeietlgpi  Bioer  dmrnieeUm 


.A 
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2.— Report  op  Assistant  Enoinxer  C.   M.  Winchell,  Lake  Providence   to 
Warrenton  and  Bayou  Sara  to  Donaldsonville. 

Office  Mississippi  River  Commission, 

Saint  IxmiBy  Mo,,  June  2*2,  1883. 

8iB :  I  have  the  honor  to  make  the  following  report  conoemiog  the  work  done  by 
the  bydrographio  and  topographic  party  under  my  charge  during  the  field  season  of 
1882  and  1883 : 

In  obedience  to  written  instrnctions  from  you,  I  left  Saint  Louis  on  September  26, 
1882,  for  Lake  Providence,  La.,  to  assume  charge  of  the  party  which  had  been  organ- 
ised and  taken  the  field  under  the  direction  of  Assistant  G.  Y.  Wisner.  I  arrived  at 
Lake  Providence  October  3. 

Previous  to  this  date  the  party  had  been  engaged  in  filling  up  gaps  in  the  last  year's 
survey,  which  had  been  skipped  on  account  of  the  high  water  of  1882. 

The  survey  was  continued  with  the  assistants  assigned  as  follows :  Hydrography, 
C.  A.  Russell  aud  C.  N.  Roberts;  topography,  left  bank,  G.  W.  Wood  and  F.  B. 
Maltby;  topography,  right  bank,  J.  A.  Paige  and  H.  W.  Kerr:  levels,  J.  C.  Cam- 
mack  and  Moses  Greenwood.  Riecorder  J.  T.  Desmond  plotted  most  of  the  topo- 
graphic field-notes,  the  field-plats  being  completed  by  the  topographers  ou  rainy  days 
and  at  other  times  w^hen  they  could  not  work  to  advantage  in  tbe  field. 

Assistant  S.  L.  Beaumont  did  some  topography  and  assisted^in  the  plotting  until 
the  party  began  work  at  Bayou  Sara,  January  8,  when  he  was'made  hydrographer, 
Mr.  Russell  having  resigned  December  28. 

AssiBtant  J.  C.  Cammack  died  in  New  Orleans  December  31,  and  Recorder  C.  N. 
Roberts  carried  the  levels  on  the  left  bank  from  Port  Hudson  to  Donaldsonville,  La. 
Assistant  A.  L.  Amer  reported  for  duty  January  12,  and  was  assigned  to  assist  the 
hydrographic  party. 

Mr.  Cammack  was  an  enthusiast  in  his  profession,  a  conscientious  worker,  and  ex- 
ceptionally well  informed  in  the  various  oranches  of  engineering.  By  his  untimely 
death  the  Commission  lost  a  valuable  assistant,  and  his  messmates  a  beloved  friend. 
He  was  highly  esteemed  by  all  who  knew  him. 

The  rate  of  progress  of  the  work  was  materially  lessened  during  October  and  No- 
vember by  sickness,  nearly  every  member  of  the  party  suflfering  from  fever  or  chills 
and  fever.  B.  R.  Morgan,  steward,  died  October  13  and  was  buried  on  land  of  Judge 
Hays,  at  Ha^s'  Landing,  Miss.  There  were  very  few  new  cases  of  sickness  after  the 
first  good  frosts,  but  26  men,  out  of  a  party  of  sixty,  were  discharged  on  account  of 
sickness  before  November  15. 

The  survey  was  based  on  a  system  of  secondary  triangulation  previously  executed 
by  the  United  States  Coast  and  Geodetic  Survey,  all  intermediate  points  for  delineat- 
ing the  topographic  features  being  located  by  transit  and  stadia,  the  stadia  courses 
being  checked  by  connecting  with  triangulation  stations.  A  continuous  line  of  levels 
was  run  down  each  bank  of  the  river  and  numerous  points  determined  to  aid  the 
topographers  in  developing  the  five-foot  contours.  The  levels  are  referred  to  the 
Memphis  datum  plane  of  the  Mississippi  River  Commission,  and  are  checked  by  con- 
nection with  precise  bench-marks  established  under  direction  of  the  United  States 
Coast  and  Geodetic  Survey. 

Stone-line  l>ench-marks  were  established  once  in  abont  three  miles  of  river,  con- 
sisting of  four  stODcs  (two  on  each  side  of  the  river),  set  in  line  at  right  angles  to 
the  channel  of  the  river,  the  stones  furthest  back  being  usually  1,000  to  1,200  meters 
from  the  river  bank.  These  lines  were  so  arrangeil  as  to  pass  through  a  triangulation 
station  on  one  or  both  banks  of  the  river,  the  distance  back  being  determined  by 
stadia.  The  elevations  of  the  bench-marks  were  checked  by  duplicate  levels.  Two 
kinds  of  bench-marks  were  used,  the  ones  nearest  the  river  b(;ing  granite  posts  three 
feet  long  and  six  inches  square,  set  in  the  gipund  with  their  tops  projecting  about 
one  foot  above  the  surface.  The  bench-marks  set  farther  from  the  river  consisted  of 
flat  stones  lfe"x  18"x4",  with  copper  bolt  leaded  into  hole  in  center  of  upper  surface. 
This  stone  was  set  2^  feet  below  the  surface  of  the  ground,  and  an  iron  pipe  five  feet 
lung  carefully  centered  over  the  copper  bolt  and  held  in  position  until  the  hole  was 
filled  and  ground  tamped  around  ine  pipe.  The  top  of  the  pipe  is  covered  With  a 
cap,  which  can  be  removed  to  admit  the  leveling  rod  so  that  the  stone  can  bo  reached 
without  disturbing  the  earth  around  or  over  it.  The  elevations  of  the  top  of  the  cop- 
per bolt  in  the  stone,  and  of  the  top  of  the  cap  on  the  pipe,  were  both  determined  in 
all  cases. 

This  style  of  bench-mark  is  preferable  to  the  stone  post,  because,  having  a  much 
broader  base  and  being  lighter,  its  value  will  not  change  so  much  by  settling;  the 
flat  stone  being  entirelv  beneatn  the  surface,  will  not  be  in  so  mnch  danger  of  acci- 
dental disturbance  as  the  stone  post  which  projects  above  the  surface ;  and,  lastly,  it 
can  be  more  easily  found,  the  iron  pipe  projecting  2^  feet  above  the  ground. 

In  wooded  country  the  compass  and  stadia  were  used  for  locating  points  of  eleva- 
tion to  develop  the  five-foot  contours.  By  using  the  compass,  woods  and  swamps 
can  be  examined  more  rapidly  and  with  less  cutting  than  by  the  usual  method  of 
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carrying  azimntb,  thus  considerably  reducing  the  oxpenae  of  the  fmrvev.  When  these 
compass  lines  were  cotiiiected  with  the  regular  staclia  courses,  or  with  triangulatioo 
8t<ations  at  both  ends,  it  was  found  that  the  work  closed  with  an  error  of  less  than  1 
in  300. 

The  survey  was  completed  to  Big  Bayou,  about  eight  miles  below  Vicksbnrg,  where 
Assistant  L.  L.  VVbeelor's  party  began  work,  December  $^2.  The  tog  Mignon,  which 
had  become  disiibled,  was  laid  up,  and  the  party  was  detained  at  Yicksbui^  until 
January  1,  18^,  waiting  for  a  boat  to  move  us  to  Bayou  Sara,  La. 

In  obedience  to  your  instructions  the  party  started  for  Bayon  Sara  as  soon  as  the 
iron  launch  which  had  been  assigned  to  the  party  was  repaired  sufficiently  to  make 
the  trip. 

WorK  was  begun  at  Bayou  Sara  January  8,  six  days  having  been  consumed  in  get- 
ting there  from  Vicksburg.  We  were  delayed  on  the  wa^  by  fog  and  by  the  wheel  of 
the  launch  getting  loose,  which  made  it  necessary  to  hoist  her  out  of  the  water  and 
repair  lier.  A  new  hub  was  cast  for  the  wheel  at  Baton  Rouge,  but  the  boiler  leaked 
BO  badly  that  the  tng  was  of  very  little  use  the  rest  of  the  season.  The  tug  Frolic 
was  assigned  to  the  party  a  short  time,  which  enabled  us  to  get  good  soundings  in 
the  channel  ImsIow  Plaquemine,  where  they  could  not  well  have  been  obtained  from 
the  six-oared  cutter,  at  the  then  existing  high  stage  of  river,  on  account  of  the  great 
depth  and  strong  current. 

Below  Bayou  Sara  the  stone-lino  bench-marks  were  not  set  so  far  back  from  the 
river,  because  the  banks  are  much  more  stable,  the  rate  of  change  in  position  of  the 
river  being  much  less  than  it  is  above  Vicksburg. 

The  survey  was  completed  to  Donaldson ville,  and  connection  made  with  the  Coast 
Survey  topography  March  17,  when  the  party  was  discharged,  and  the  assistants  who 
were  retained  returned  to  the  office  in  Saint  Louis.  The  quarier-boats  Tennessee  and 
Pioneer,  the  tug  Frolic,  and  the  iron  launch  were  turned  over  to  Captain  Daft,  of  the 
tow-boat  Baker,  and  his  receipts  taken  for  the  same. 

A  full  description  of  the  organization  of  the  working  parties,  the  number  of  m«*n 
required  for  each  party,  and  the  methods  of  carrying  on  the  work  in  detail,  is  given 
in  the  Report  of  the  Mississippi  River  Commission  for  1682, 

The  season's  work  may  be  summarized  as  follows  : 

Miles  of  river  surveyed 160 

Square  miles  of  topography 370 

Square  miles  of  hydrography a9 

Total  area  surveyed square  miles..  459 

Diwrepanciea  behceen  precise  and  ordinary  lereh. 


Between  P.  RM*B. 


No.  112  and  128 
No.  128  nnd  137 
No.  137  and  140 
No.  140  and  150 
No.  150  and  162 

No.  162  nnd  171 
Ko.  171  and  179 
No.  170  and  1^ 
No  18 »  and  188 
No.  188  nnd  197 
No.  107and2U7 
No.  207  nnd  211 
No.211and225 
No  38  nod  37  .. 
No.  37  and  36  . 
No.  30  and  35  . . 
No.  35  and  34  .. 
No.  34  nnd  33  .. 
No.  3a  nnd  32  . . 
No.  31  nnd  29.. 
No.  20  and  28.. 
No.  28  und  27  .. 
No.  27  nnd  26  . . 
No.  20  and  25  . . 
No.  25  and  24.. 
No.  24  and  23  . 
No.  23  nnd  22  . . 
No.  22  and  21  . 
No.  21  and  20.. 
No  20  nnd  19  . . 
No.  10  and  17  . . 


JTOm. 


Feet 

-f0.1M 

-0.017 

—0.195 

—0.042 

—0.144 

—0.043 
—0.042 
—0.064 
-4).  077 
—0.100 
—0.007 
—0.084 
—0.030 
-+0.071 
+0.051 
—0.076 
1-0.  U64 
—0.078 
+0.043 
—0.074 
+0.090 
—0.030 
—0.116 
—a  014 
+0.023 
+0.138 
-0.168 
-a  186 

+aoio 

—0.068 
+0.030 


Obaerver. 


J.  C.  Cammack. 

Do. 

Do. 

Do. 
J.  C.  Cammack  and 

H.  Greenwood. 
M.  Greenwood. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do 

Do. 

Do. 

Do. 

Da 

Do. 

Do. 

Do. 
CN.Koberts. 

Do. 

Do. 

Do. 

Da 

Da 

Do. 

Da 

Da 

Da 

Da 

Da 


The  sum  of  those  discrepancies  is  — 0.869  feet  for  a  distance  of  159  miles. 
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DiBcrepameiM  Itehoeem  right  and  left  bank  ordinary  UveU. 


Locality  where  oomparad. 


Dlscrep* 
ancj. 


AJaxBar 

fi&\V  Lasding 

WiltoD  I^odiDff 

Cbotard  LaDdin^ 

Utndenon  Landing 

Onic^  Landing 

llaljiiuo  Landing 

Yoong'a  Point  Xjuadinff. . 

Dclt^La 

Neur  Diz  Bayou 

Moont  PJcaaant  Landing 
Uead  of  Profit  laland  . . . . 

Groaaman'a  Tj>nilfn|T 

lielmoat  Landing 

Atiington  Landing 

Dnncsin'a  Point 

Hollywood  Landing 

Plaquimine 

Foiiom  Hope 

Point  Pleaaant 

Ophelia  Landing 

Belle  Grove  Landing 

Claibom  laland 

Ashland  Landing 

IXmaklaonville 


Feet. 

0.221 
0.018 
0.100 
0.  IC7 

0.  l:.o 
0.  ino 

0.  Ill 
0. 210 
0.100 
0.100 
0.0*428 
0.278 
0.180 
0.130 
0.004 

0.  iia 

0.100 
0.122 
0.036 
0.014 
0.004 
0.092 
0.005 
0.194 
0.046 


HIGH.WATEB  MASKS. 


Lake  Providence  . 

Baaal^anding 

Do  

IaUndKo.97 


Millikrn's  Bend    ' 

Cabin  Teele 

Yoang'a  Point 

PortHickey 

Plaqoemine 

Forlorn  Hope  

Ho I 

Saint  Gabriera  Church . 

BayonGoolA    

A  snland  Landing 

DooaldaonTille 

D. I 

Do ! 


WcU-deflned  mark  on  tree  opposito  Lake  Providence,  La  ... . 

Nail  in  large  oak  tree 

....  do       

Well  defined  mark  on  Mr.  Zach.  LeAtbertnan's  honae,  about 
one  mile  below  Arcadia  Landing. 

On  steps  of  Morancy's  honso,  back  of  levee 

Mark  cut  un  corner  of  gin-boune  in  front  of  levee 

On  steps  of  dwelling  throe  miles  below  Young's  Point  Landing .  I 

On  United  States  gange j 

Mark  on  tree  two  milos  above  Plaquemine 

Nail  in  cottonwood  tree  %t  landing 


1882 


1880 
1882 


WcU-deflned  mark  on  warehouse 

Mark  on  warehouse  established  by  Gen.  J.  Thompson 

Marks  cut  on  nortiiwest  comer  or  market-houso  by  Gen.  Jeff. 
Thompson. 


1882 
1882 
1882 
1882 
1882 
1880 
1881 
1882 
1874 
1862 

1860 
1874 


114.08 
in.  68 
109.49 
aiO.  46 

102. 2.*^ 
105.06 
99.02 
47.60 
39.60 
89.00 
36.40 
87.65 
37.36 
36.12 
35.21 

B3.78 
86.18 


Table  showing  aurfaoe  slope  of  river  ae  determined  by  this  eurvey. 


Lake  Proridence  to  head  of  Island  95  ... 

Head  of  laland  93  to  Hays'  Landing   

Hava'  Landing  to  Wilton 

Wdton  to  Chotard 

CboUrd  to  Orooga      

Omega  to  nalpino  Landing 

Halpinotn  Nebraska  Lanoing 

Nobr^aka  Landing  to  King's  Point 

King'n  Point  to  head  of  Warronton  T.  H 

Bayou  Sara  to  Kelson  Landing 

Kelson  Landing  to  Lobdetl's  Landing  . . . 

Lobdo  Ts  Landing  to  Baton  Kongo 

Baton  Boogo  to  Manchac  

Manchae  to  Forlorn  Hope 

Forlorn  Hope  to  Bayou  GonU 

Bayon  Goala  to  Donaldaonville 


Distance.  8l25,l-r 


jrost. 

6.7 
3.6 
6.8 

10.8 
8.8 
7.0 
4.5 
5 
5.6 

12.8 

12.5 

10 

10 

14 
7.6 

19.6 


I 


FeeL 
0.70 
0.49 
0.40 
0.64 
0.26 
0.55 
0.36 
0.19 
0.16 
0.14 
0.13 
0.12 
0.12 
0.12 
0.14 
0.12 


Ticksburg 
gauce- 
readuig. 


11.50 
9.2 
8.9 
9.0 
&8 

n.2 

13.6 
12.6 
11.2 
*15.2 
*14.6 
*18.7 
•24.1 
*27.6 
*26.6 
*30.4 


Rising  or 
falling. 


Falling. 
Stationary. 

Do. 
Falling. 
Stationary. 
Rising. 

Do. 
Falling. 

Do. 
Rising. 
Stationary. 
Rising. 

Do. 

Do. 
Stationary. 
Rising. 


*  Baton  Rougo  gauge. 
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The  qaantitv  and  quality  of  the  work  accomplished  is  due  in  a  great  measure  to  the 
energy  and  omcieucy  of  my  assistants,  to  whom  I  desire  to  express  my  thanks  for  the 
oheerml  and  faithful  manner  in  which  they  performed  their  duties. 
Very  respectfully,  your  obedient  servant, 

C.   M.  WiNCHELL, 

United  States  Assistant  Engineer. 
First  Lieut.  Smith  S.  Leach, 

Secretary  A£ississippi  Biver  Commissian. 


3.— Report  of  Assistai^  Engineer  L.  L.  Wheeler,  Warrenton  to  Natchez. 

Office  Mississippi  River  Commission, 

Saint  Lcuis,  Mo,,  July  5,  1883. 

Sir  :  I  have  the  honor  to  submit  the  following  report  upon  the  operations  of  the 
party  in  my  charge  durine  the  season  of  18d2~'8£ 

The  work  assigned  to  the  party  was  to  make  a  topographical  and  hydrographical 
survey  of  that  portion  of  the  Mississippi  River  lying  between  Warrenton  and  Natchez, 
Miss.  The  survey  was  to  include  both  banks  for  at  least  three-quarters  of  a  mile  on 
each  side,  and  in  all  oases  to  include  the  levees.  It  was  also  to  include  old  cut-off 
lakes,  sloughs,  bayous,  bluff-lines,  and  other  topographical  features  within  a  distance 
of  ten  miles  of  the  river. 

The  party  left  Saint  Louis  the  evening  of  October  16.  1882,  and  went  on  board  the 
quarter-boat s  Illinois  and  Kentucky,  at  Cairo,  the  following  day.  The  boats  were 
taken  in  tow  by  the  steamer  Oakland,  October  21,  and  arrivcwd  at  Vicksbnrg  October 
28.  Two  days  were  spent  in  putting  supplies,  coal,  &c,f  on  board  at  Vicksburg,  and 
the  boats  were  towed  down  to  Warrenton  October  31. 

Assistant  Engineer  £.  E.  Haskell  was  taken  sick  soon  after  the  party  took  the  field 
and  was  obliged  to  return  to  Saint  Louis.  Assistant  Engineer  H.  B.  Wood  and  Alex. 
£.  Kastl  were  detailed  for  making  special  surveys  near  Arkansas  City,  and  joined  the 
main  party  about  the  middle  of  November.  Assistant  Engineer  O.  W.  Ferguson  and 
Recorder  E.  K.  Woodward,  jr.,  joined  the  party  December  4.  Samuel  Fitzhugh  was 
promoted  from  rodman  to  recorder  January  1,  1883.  The  party,  as  finally  organized, 
consisted  of  Assistant  Engineers  A.  N.  Darrow,  O.  W.  Ferguson,  H.  B.  WocS,  A.  H. 
Weber,  J.  W.  Dorst,  O.  A.  Orrman,  A.  E.  East],  and  A.  N.  Milner,  and  Recorders 
Fred.  Morley,  E.  K.  Woodward,  jr.,  and  Samuel  Fitzhugh,  with  the  necessary  com- 
plement of  men. 

The  field-work  commenced  November  1  on  the  triangle  side ''  Last-Big  Bayou,"  about 
seven  miles  below  Vicksburg,  and  continued  until  February  22,  1883,  when  the  work 
WHS  completed  to  Natchez. 

The  following  day  instruments,  charts,  note-books,  &c.,  were  packed  and  sent  by 
express  to  Saint  Louis,  and  the  part^  disbanded,  the  assistants  returning  to  the  office. 

The  party  was  therefore  engaged  m  field-work  114  days,  16  of  which  were  Sundays, 
one  an  observed  holiday,  and  on  14  the  weather  was  such  that  no  field-work  could 
be  done.  Field-work  was  therefore  done  on  83  days,  on  many  of  which,  however, 
only  part  of  the  day  was  suitable  for  work. 

The  length  of  main  river  surveyed  was  93  miles,  embracing  217.2  square  miles  of 
topography,  and  63.3  square  miles  of  hydrography,  or  a  total  area  of  280.5  square 
miles  surveyed. 

The  survey  was  based  upon  a  system  of  trian^ulation  and  a  line  of  precise  levels 
executed  by'^the  United  States  Coast  and  Geodetic  Survey,  the  results  of  which  were 
furnished  from  that  office.    The  survey  was  made  in  the  following  manner : 

Ist.  A  line  of  levels  was  run  on  each  bank,  which  determined  the  elevations  of  tri- 
angulation  stations,  sounding-stakes,  stadia-stakes,  stone-line  bench-marks,  water- 
gauges,  high -water  marks,  water  surfaces,  Slq.  The  levels  on  the  right  bank  were 
checked  by  the  precise  levels,  and  those  on  the  left  bank  by  reciprocal  level ing  across 
the  river.  The  two  lines  also  mutually  checked  each  other  by  frequent  determina- 
tions of  water  surfaces  on  opposite  sides  of  the  river.  All  elevations  were  referred  to 
the  Memphis  datam  plane,  which  is  a  plane  225  feet  below  the  reading  34.16  on  the 
Memphis  gange.    The  leveling  was  peiformed  by  Assistants  Dorst  and  Kastl. 

2d.  A  stadia  line  was  run  on  eacn  bank,  checking  frequently  as  to  azimuth  and 
distance  upon  triangnlation  stations  and  intersections  on  distant  signals,  and  as  to 
elevations  upon  the  line  of  levels  run  on  each  bank. 

The  principal  topographical  features  along  the  river  bank,  including  landings, 
gauges,  lights,  sounding-stations,  &o.,  were  located  when  the  shore  line  was  run. 
The  topography  back  from  the  river  was  taken  by  lines  run  back  for  that  purpose. 
Where  the  country  was  wooded  lines  were  cut  back  from  the  river  three-fourths  of  a 
mile  in  such  a  direction  as  would  best  determine  the  topography.    The  locating  of 
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levees,  lakes,  blaflb,  bajjrona,  &c.,  when  beyond  the  limit  of  topography,  was  done 
by  stadia  lines  conneoting  with  the  main  unes.  The  toi>ographica]  work  was  done 
by  Assistants  Darrow,  Ferguson,  Weber,  Milner,  and  Recoroer  Woodward. 

3d.  The  hydrography  consisted  of  lines  of  soundings  taken  normal  to  the  stream 
every  400  meters,  and  a  line  of  soundinss  taken  longitudinal  to  the  stream.  The 
soundings  were  taken  with  a  22-pound  tallowed  lead,  alK)iit  every  third  sounding  being 
located  by  sextant  angles  between  signals  on  the  biuoks.  A  sounding  line  of  ItiJian 
hemp  was  first  used,  but  was  discarded  and  a  cotton  line  used  instead. 

Assistant  Wood  and  Recorder  Morley  performed  the  hydrographical  work,  and  also 
materially  aided  in  the  other  work  of  the  survey. 

4th.  The  XK>lnts  located  by  the  topographical  parties  were  plotted  on  protractor 
sheets  to  the  scale  1:10000,  the  sketcning,  contours,  dec,  being  put  in  by  the  observ- 
ers when  field-work  could  not  be  done.    The  plotting  was  done  by  Assistant  Orrman. 

5th.  All  notes  were  reduced  in  the  field,  and  all  note-books  indexed. 

6th.  The  points  of  the  survey  were  marked  on  the  ground  by  the  usual  lines  of 
marking-stones,  the  positions  and  elevations  of  which  were  determined,  and  descrip- 
tions of  which  were  made  in  a  book  kept  for  that  purpose. 

My  thanks  are  due  to  the  assistants  and  recorders  for  their  hearty  co-operation  and 
interest  in  the  work.    Assistants  Darrow,  Ferguson,  and  Wood  gave  me  valuable 
assistance  aside  from  their  regular  duties,  and  deserve  special  mention  for  the  inter- 
est shown  in  the  general  progress  of  the  party. 
Very  respectfully,  your  obedient  servant, 

L.  L.  Whbelbr, 
Astiatant  Engineer. 

First  Lieut.  Shith  S.  Lbach, 

SecreUary  MU^uiippi  Bicer  ComimiMion. 


4.— Report  of  Ajssistakt  Engineeb  H.  B.  Wood,  upon  resurvbys  in  front  of 

Crevasses. 

Office  Mississippi  River  Commission, 

Saint  Lou%8f  September  15,  1883. 

Sir:  I  have  the  honor  of  submitting  to  you  the  following  report  on  hydrographic 
work  above  Arkansas  City,  completed  during  the  months  of  October  and  November, 
1882. 

The  special  object  being  to  ascertain  the  effect  qf  large  breaks  in  levees  upon  the 
river  bed  during  the  great  spring  flood  of  1882,  four  reaches  in  the  immediate  vicinity 
of  said  breaks  were  selected  for  hydroeraphic  observations,  all  of  which  were  located 
in  that  portion  of  the  river  surveyed  oy  the  party  in  charge  of  Mr.  J.  A.  Ockerson, 
assistant  engineer,  during  the  winter  season  of  1881-82,  just  before  the  flood.  The 
first  reach  extended  from  Malone's  Landing,  near  the  foot  of  Island  No.  66,  to  Aus- 
tralia; the  second,  from  Riverton  to  the  hcM.  of  Ozark  Island ;  the  third,  from  Bolivar 
to  Cypress  Creek;  and  the  last,  from  Mound  Place  to  Arkansas  City. 

The  party  consisted  of  two  assistant  engineers,  pilot,  steam  engineer,  fireman,  cook, 
leadsman,  and  two  rodmen,  and  was  provided  with  the  tug  Eva,  of  Helena,  two  skiffii, 
and  camping  outfit 

To  re-sound  the  sections  as  located  by  the  previous  party  required  that  the  stone 
lines  should  be  found,  and  where  no  A  stations  or  other  landmarks  of  prominence 
served  to  identify  the  other  sections,  a  stadia  line  was  run,  and  the  positions  of  former 
sections  marked.  Accordingly,  with  some  few  exceptions,  the  re-sounded  sections 
were  identical  with  those  previously  established. 

The  water  surface  was  connected  at  frequent  intervals  with  established  benches 
referred  to  the  Memphis  datum,  and  a  constant  gauge  record  kept  during  the  progress 
of  the  woik. 

In  the  first  reach,  from  Bialone's  Landing,  thirty-two  sections  were  re-sounded,  cov- 
ering a  distance  of  about  sixteen  miles.  These  cross-sections  have  been  plotted, 
together  with  the  corresponding  ones  of  the  previous  year,  and  their  areas  approxi- 
mately measured  with  the  plammeter,  the  results  being  tabulated  herewith.  A  very 
small  amount  of  filling-in  below  the  breaks  occurred  here.  By  the  annexed  table  of 
compared  areas  of  cross-sections,  it  will  be  seen  that  an  avei*age  fill  has  taken  place, 
making  each  section  about  2,200  square  feet  less  in  area  than  before  the  flood,  not 
counting  sections  that  were  above  or  below  their  former  position. 

In  the  second  reach,  from  Riverton,  seventeen  sections  were  re*  sounded,  covering 
about  nine  miles.  Here  each  section  averaged  about  11,000  square  feet  less  in  area 
than  formerly. 

In  the  third  reach,  from  Bolivar,  where  eighteen  sections  were  re-sounded  in  a  dis- 
tance of  ten  miles,  each  section  averaged  8,400  square  feet  less  in  area  than  when 
•omided  the  previous  year. 

6908  BN ^162 
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In  the  last  reach,  from  Monnd  Place,  where  nine  sections  were  le-sonnded  in  a  dis- 
tance of  four  miles,  each  section  ayeraj^ed  23,800  square  feet  less  in  area  than  before 

the  flood. 

•  •••••• 

The  following  approximate  crevasse  discharges  for  the  seyeral  reaches  were  meaa- 
nred  by  Assistant  ffngineer  J.  B.  Johnson: 

Cable  feet  per  eeoond. 

First  reach,  Lake  Charles  and  Pushmataha  Breaks, 15,000 

Second  roach,  Rivertou  Break 107,400 

Third  reach,  Bolivar  Breaks 128,250 

Fourth  roach.  Mound  Place  Break 20,660 

The  above  survey  occupied  from  October  10,  1882,  to  November  10,  1882,  during 
which  time  seventy-six  sections  were  resounded,  covering  forty  miles  of  the  total  dis- 
tance of  one  hundred  and  forty-five  miles  to  Arkansas  City.  At  the  conclusion  of  the 
work,  the  party  proceeded  to  Vicksbuig,  and  Joined  the  party  in  charge  of  Mr.  L.  L. 
Wheeler,  Assistant  Engineer,  then  located  at  Moore's  Landing,  according  to  your 
orders. 

Very  respectfully,  your  obedient  servant. 

Hbnrt  B.  Wood, 
A$8i9tant  Engineer, 
First  Lieut.  Smith  S.  Leach, 

Seeretarjf  MisHuippi  Biver  CcmmiBsUm, 


Table  showing  approoBmate  area»  oforon-9eoiion9  below  a  oommtmuHUer-level  hoik  before  and 

(tflerihe  flood  of  Ifm. 

FROM  MALONE'S  LANDING  TO  AUSTBALIA. 


^. 

Area  before 
flood. 

Aiea  after 
flood. 

Difllwenoe. 

Bemaiks. 

Rt«ne]fneNo.98  ........ t 

89uar*/ML 
62,550 
84,200 
77,100 
81,000 
71,660 
67,150 
60,000 
00.800 
66.450 
62,000 
61,550 
48.700 
52.750 
45,200 
40.100 
14.850 
15.250 
54.050 
84.400 
78.050 
71,500 
74,850 
61,060 
61.800 
62,860 
61.000 
40.100 
56,400 
Sol  000 

84.100 
88,100 
64.000 
60,100 
60.800 
78,400 
61,800 
68,250 
50,550 
66,500 
98,500 
57,000 
41,000 
44.400 
18.850 
19.000 
40.100 
77.060 
75,650 
78.650 
72,850 
58.550 
55,560 
56,800 
51,000 
60.000 
64,000 
78,000 

BquaffHL 

Ciitoatbychnte66. 

16 

-  100 

-  9,000 
-17,000 

-  2,450 
-6.250 

-  5,000 
+  6.800 

17 

18 

10 

20 

ft^MiA  llnA  Va.  so 

25 

20 

27 

410"  below  old  seot 

28 

+  4,050 
-10,200 
+  4,250 
-8.800 

-  4.700 

-  1.000 
+  8,750 
-6,850 

-  7.850 

-  2,600 
+  7,150 
-2,000 

-  8,100 
-6,060 
-5.550 
—10.000 
+      900 

20 

80 

81 

82    

29(cliate08) 

Ftohate 

88 

84 

85 

86 

87 

88 

80 

40 

41 

42 

Ald.60 

Below  old  soflt. 

u.vr.r ;.;     ; .  :: . 

Do. 
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Table  akawing  appraiimate areas  of  cross-sccHons  below  a  common  wattr-level  both  before  and 
itfler  tkefiood  of  1882— Contitiued. 

FBOM  KIVBBTOK  TO  HEAD  OF  OZARK  ISLAND. 


Seotioo. 

Atm  before 
flood. 

Aroa  after 
flood. 

Difference. 

Bemarkt. 

108 

74.050 
70.550 
87,100 
109,400 
71,300 
50,000 
92,000 
92,560 
68,200 
75,350 
65.250 
92,200 
12,600 
109,000 
169,050 

64.850 
43.100 
66,400 
91,900 
90,100 
63, 150 
65,600 
74,150 
65,750 
57,400 
56,450 
69,100 
84.600 
79,700 
K8,450 

SqtMre/Mt, 

+  4,500 

-  9.200 
-27,450 
-20,700 
-17,500 
+W.800 
+13, 150 
-26,400 
-18,400 

-  2,450 

-  7,950 
-8,800 
-23,100 

104..... 

106 

107 

A*rkW^«r 

109.. 

110 

Ill 

112 

113 

118  A 

114 

115 

An^le  14toAnglA22 

Aotflo22to0L118 

ACmwPi 

In  pocket  below  old  MOt. 

-20,300 
-10.600 

FROM  BOUVAB  TO  CYPRESS  CREEK. 


137 

52,600 
12,150 
82,660 
75,350 
92,150 
79,800 
74,250 
70,100 
58,200 
67,950 
4,100 
35^350 
63,650 
87,650 
06,700 
75,050 
81,850 
62.560 
68,460 
72,600 

46,800 
11.000 
48,800 
51,650 
63,000 
70,150 
68,100 
60,750 
62, 100 
45.630 
2.700 
82,900 
45,650 
60,400 
56,000 
73,600 
87,100 
68,500 
64,250 
53,000 

Below  old  seotk 

Old  SiTer 

-  1,160 

J38    

300"  below. 

139 

-23.500 
-29, 150 

-  0,650 

-  6, 150 
-10,850 
+  3,900 
-12,300 

-  1,400 

-  2,350 

-  7,900 
-27,250 
-10, 700 

-  2,350 
+  5,250 
+  5.950 

-  4,200 
-18,600 

140 

141  

142       

142A    

0L148 

Midstreiun. 

A.T.H. 

Old  RiTor,  Catfish  T.H. 

A 

B 

c 

D 

Stone  line  Ho.  66 

F        

AGoodLnck 

161 

158    

FROM  MOTJKD  PLACE  TO  ARKANSAS  CITY. 


173 

60.600 
94,500 
100,700 
106,700 
79,600 
102,000 
122,860 
108,660 

71,200 
66,160 
67,150 
66,550 
64,550 
88.800 
90,000 
83,000 

+10,600 
-28,350 
-83,560 
-50,150 

174 

176 

177 

178    

200>  above  old  aeet 

179 

-13,200 
-32,850 
-19,980 

180 

Stone  UneKOb  48 
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APPENDIX  S. 

REPORT  OF  ASSISTANT  RKGINKER  B.  8.  DAVIS  UPON  THX  FISII>-WORX  AND  RBSULTB 
OV  TRAKSALLUVIAL  LEVELS. 

Saint  Louis,  Mo.,  June  21, 1883. 

Sir:  I  have  tho  honor  to  sahmit  the  foUowiDg  report  on  the  work  of  trans-alluvial 
leveling. 

The  scheme  for  this  work  contemplated  nine  sections,  located  at  the  following- 
named  places,  all  of  which  have  been  mn,  except  No.  3 : 

1.  From  the  Mississippi  River,  at  Island  No.  13,  east  and  west  to  land  ahove  overflow. 

2.  From  the  first  Chickasaw  Bluff  west  to  land  above  overflow. 

3.  From  Memphis  west  to  uplands  beyond  the  Saint  Francis  River,  on  line  of  Mem« 
phis  and  Little  Rock  Railroad. 

4.  From  Helena  east  to  upland. 

5.  Up  Cypress  Creek  to  land  above  overflow. 

6.  From  Grand  Lake  to  Bayou  Ma^on  Hills;  up  Bayou  Ma^on  Hills  across  the  cut-off 
to  land  above  overflow. 

7.  From  Lake  Providence  east  to  Yazoo  City. 

8.  From  Grand  Gulf  west  to  high  land  of  Sicily  Island. 

9.  From  Fort  Adams  west  to  Avoyelles  Prairie ;  thence  two  branches,  one  across 
Bayou  BoBuf,  and  one  across  Red  River. 

The  location  of  No.  8  was  changed  from  Grand  Gulf  to  Saint  Joseph. 

Tho  line  couteiuplated  from  Mem])his  has  each  seusou  been  omitted,  with  the  ex> 
poctation  of  running  it  after  work  on  other  sections  had  been  made  impracticable  by 
the  presence  of  water  in  the  swamps.  It  has  happened,  however,  that  this  line  has 
been  submerged  when  work  on  other  lines  had  been  abandoned,  and  it  yet  remains 
to  be  done. 

Tho  work  has  occupied  three  seasons.  The  following  table  gives  the  amount 
done  each  season ;  also  the  daily  average  rate  of  progress.  The  time  given  each  sea- 
son includes  the  time  from  leaving  Saint  Louis  to  date  of  disbanding  the  party : 


SeMon. 

DistftDoe. 

Time. 

Average 
daily  rate. 

1880-'8l 

JfOM. 

62 

62 

164 

104 
174 

JTOm. 
.41 

lft81-'82 

.60 

1882-'83 

.07 

About  20  per  cent,  of  the  time  spent  in  the  field  has  been  occupied  in  traveling 
from  Saint  Louis  and  between  lines. 

Over  each  hue  levels  in  duplicate  and  a  traverse  have  been  run.  All  streams 
eiossed  have  been  gauged  rougnly  j  elevations  of  high- waiter  marks  have  been  taken 
where  they  could  be  found.  An  azimuth  has  been  observed  at  the  inland  end  of  each 
line  except  No.  G. 

During  the  first  season  (1880-'81),  Mr.  Hunter  Stewart  assisted  me,  he  running  the 
traverse  and  I  the  levels.  A  transit  and  stadia  were  used  in  running  the  traverse, 
the  stadia  being  used  to  measure  all  distances.  An  ordinary' level  and  target-rod 
were  used  in  runniug  the  levels. 

During  the  fir^t  part  of  this  season  the  levels  were  checked  by  running  between 
benches  a  second  time.  During  the  latter  part  of  the  season  the  levels  and  check 
If  vels  were  run  at  tho  same  time,  the  following  method  being  employed :  After  the 
rod  had  been  read  in  the  usual  position,  it  was  inverted  and  held  on  the  same  i>oint  as 
bt'fore,  and  another  set  of  rea<lings  taken.  This  method  of  checking  levels  will  be 
discussed  later.  During  the  second  and  third  seasons  a  combined  level  and  transit 
was  used. 

The  combination  was  made  by  fastening  the  essential  parts  of  a  Stackpole  level  to 
the  limb  of  a  Wtlrdemann  transit. 
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The  deyice  for  makiDg  the  combinAtion  is  very  simple  and  inexpensive,  as  shown  by 
the  following  sketch : 


a 

jn^'t. 

a 

JB 

T 

Fi^.  1  is  a  vertical  projection  of  a  part  of  the  instrument. 
L  18  the  bar  of  the  level. 


T  is  the  bar  of  the  transit. 

A  is  the  transit  axis. 

C  and  C  are  the  collars  used  to  hold  the  two  instmments  together. 

Fig.  2  is  a  horizontal  projection  of  the  same  parts. 

Fie.  3  is  a  right  section  through  the  collars  and  shows  how  the  parts  are  fastened 
together.  When  a  transit  was  needed  for  azimuth  observations,  the  screws  shown  in 
Fig.  3  were  taken  out,  the  collars  and  level  bar  removed,  and  the  transit  wyes  fastened 
on  the  transit  bar  by  the  same  screws.  It  took  only  a  few  minutes  to  make  this 
change. 

By  the  use  of  the  combined  instrument  one  observer  was  enabled  to  run  the  levels, 
check  levels,  and  traverse  at  the  same  time. 

As  a  level  the  combination  worked  admirably,  and  the  results  of  azimuth  observa- 
tions indicate  that  it  worked  well  as  a  transit,  although  the  vernier  plate  was  a  little 
below  the  plane  of  the  limb,  caused  by  the  weight  of  the  level  attachment. 

When  the  vernier  plate  was  brought  up  to  the  plane  of  the  limb  the  spindle  had  a 
little  play  in  its  socket,  which  was  not  desirable  in  the  level ;  therefore  the  spindle 
was  allowed  to  sink  far  enough  into  its  socket  to  prevent  the  play. 

There  was  no  means  of  causing  the  telescope  to  revolve  in  a  vertical  plane,  at  the 
same  time  keeping  the  plane  of  the  limb  horizontal.  However,  the  necessity  for  read- 
ing angles  with  the  telescope  inclined  did  not  occur  very  often  ;  when  it  was  neces- 
sary, it  was  accomplished  by  setting  the  instrument  up  so  that  one  of  the  foot  or  sup- 
XK>rting  screws  would  be  in  the  plane  in  which  it  was  desirable  to  revolve  the  tele- 
scope, then  the  foot  screw  was  used  for  inclining  the  telescope.  By  exercising  due, 
care  only  a  small  error  is  introduced  in  this  way. 

The  telescope  used  contained  three  horizontal  cross-wires,  all  of  which  were  read 
when  practicable.  It  frequently  happened,  however,  that  one  or  the  other  of  the 
outside  wires  could  not  be  read.  The  middle  wire  and  one  of  the  outside  wires  were 
always  read.  Distance  tables  were  computed  for  all  of  the  intervals,  bo  that  distance 
from  the  instrument  to  the  rod  could  always  be  determined.  Self-reading  metric 
rods  were  used. 

Angle  or  transit  stations  were  taken  as  far  apart  as  the  rods  could  be  seen.  The 
rods  used  on  these  stations  were  straight  poles  covered  with  strips  of  black  and  white 
cloth. 

The  distance  between  transit  stations  was  obtained  by  taking  the  sum  of  the  dis- 
tances measured  between  them. 

The  X\aji\xk%  points  and  level  stations  between  transit  stations  were  as  nearly  on 
line  as  practicable. 
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The  foUowiDg  sketch  and  explanation  will  show  the  method : 

T             P                    T'              P'                L                    F'  T" 

—A  0 A o— X o A- 


Ty  T',  and  T"  are  three  conseoative  transit  stations. 

Suppose  the  instrament  to  be  at  T ;  then  T"  is  located  as  to  direction  by  the  angles 
read  at  T'.  The  turning  point  P'  is  pat  on  line  T'  T'';  the  instrament  is  then  moved 
to  L  and  set  up  on  line  by  rancins  in  with  T'  and  P'  and  the  taming  point  P''  put  on 
line  L  T".  The  rods  at  P'  ana  P"'  are  read,  the  instrument  is  moved  to  T",  and  the 
rod  at  P"  read ;  theu  the  distances  T'  P',  P^L,  L  P",  and  P"  T"  are  known  and  the 
distance  T'  T''  is  equal  to  their  sum. 

For  the  levels  two  rods  were  used,  so  that  at  every  instrument  station  the  back  and 
fore  sights  were  taken  on  different  rods.  Referring  to  sketch  above,  when  instra- 
ment is  atT'  one  rod  is  at  P  and  the  other  at  P';  after  completing  readings,  instrament 
is  moved  to  L,  the  rod  held  at  P  for  last  setting  is  now  carried  to  P",  and  so  on.  By 
having  two  rods  very  little  time  is  lost  in  waiting  for  rodmen.  By  the  time  the  in- 
strument is  set  up  at  L  the  rodman  has  had  time  to  walk  from  P  to  P''  and  is  ready 
to  be  put  on  line. 

LEVELS  AND  CHECJnKO. 

The  instrument  being  set  up  between  two  turning  points,  the  rods  were  first  held 
with  their  zeros  on  the  points,  and  the  readings  recorded.  Then  the  rods  were  in- 
verted and  held  on  the  same  points  as  before  and  another  set  of  readings  recorded  in 
the  (•ame  book  and  immediately  below  the  first  set. 

The  line  run  with  inverted  rods  serves  as  a  line  of  check  levels.  Wooden  pegs  were 
used  ior  turuing  points,  and  were  driven  down  nearly  flush  with  the  surface  of  the 
ground,  so  that  elevations  of  turning  points  are  practically  elevations  of  the  ground. 

A  copy  iif  a  page  of  my  note-book  is  given  to  illustrate  the  method  of  keeping  the 
notes  and  making  the  computations. 

An  examiuatiou  of  the  notes  will  show  that  the  method  employed  gives  two  inde- 
pendent lines  of  levels,  the  readings  on  any  one  rod  for  the  two  positions  being  en- 
tirely different,  except  when  the  middle  wire  reads  at  the  middle  of  the  rod. 
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.245 
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.500 
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1.814 
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.261 
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41 

O      1     II 
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208  32  00 
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277  46  00 

o     1    n 
194  18  00 
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263  44  00 

07  56  00 

40 
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.261 
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L258 

.490 
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1 36. 250 

'86'262 
86. 144 

134.260 
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136.250 
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.722 
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L740 
L373 
L018 

.722 
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2.050 
2.415 

.722 

36.198 

37.  si?" 

- 

.387 
1.728 
2.114 

f36.'i42 
136.197 

t34.083 

.886 

The  figures  in  columns  1,  2,  3,  4,  7,  10,  11.  12  and  13  are  the  original  notes,  except 
the  intervals  written  under  each  set  of  readings  in  columns  4  and  7 ;  the  other  figures 
are  reductions. 

NOTES  AND   REDUCTIONB. 

An  inspection  of  the  notes  will  show  the  manner  of  keeping  the  field  records. 
Only  the  mid- win)  readings  are  used  in  reducing  the  heights  of  instrumeDt  and 
elevations,  the  roductiouH  for  rod  inverted  being  marked  (t). 
Rod  in  first  position,  back  sights  are  plus. 
Rod  in  first  position,  fore  sights  are  minus. 
Rod  inverted,  back  sights  are  minus. 
Rod  inverted,  fore  sights  are  plus. 
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The  readings  of  the  outside  wires  are  used  for  determining  distances. 

The  intervals  are  taken  oat  and  placed  beneath  the  sets  of  readings  to  which  they 
belong.  In  the  eighth  column  the  mean  intervals  are  placed  oppodite  readings  for  in- 
verted rod,  the  back-sight  interval  being  placed  first.  In  the  ninth  column  the  dis- 
tances are  placed  opposite  the  proper  interval. 

Of  coarse  objections  may  be  raised  to  this  method  of  checking  levels. 

It  might  be  said  that  any  lack  of  adjustment  of  the  instrument  and  local  disturb- 
ances would  affect  both  lines  alike,  or  in  the  same  direction,  and  it  is  granted  that 
such  is  the  case.  However,  errors  arising  from  these  sources  would  not  be  likely  to 
influence  the  results  beyond  the  errors  of  discrepancy  iJlowable  in  this  class  of  work, 
especially  when  care  is  taken  to  keep  the  instrument  in  good  a^ustment,  and  to  keep 
back  and  fore  sights  equal.  I  feel  perfectly  confident  in  saying  that  this  mode  of 
checking  levels  would  detect  any  error  caused  by  a  blunder  in  reading  the  rod.  Again, 
it  might  be  said  that  the  observer,  knowing  the  length  of  the  rod,  would  know  what 
the  second  set  of  readings  should  be,  the  sum  of  the  readings  of  any  wire  in  the  two 
positions  of  the  rod  being  equal  to  the  length  of  the  rod,  and  that  the  second  set  of 
reading  might  be  vitiated  by  any  error  that  might  have  been  made  in  the  first  set. 

I  think,  however,  that  an  error  from  this  source  would  hardly  occur,  unless  the 
observer  intentionally  computed  what  the  second  set  of  readings  should  be,  and  re- 
corded them  as  observed  readings. 

It  will  of  course  be  admitted  that  this  method  saves  a  great  deal  of  time,  the  only 
additional  time  rej^uired  for  checking  a  line  of  levels  being  that  necessary  to  take  a 
second  set  of  readings  at  each  instrument  station. 

There  is  still  another  advantage  of  the  system,  to  which  I  desire  to  call  attention. 
There  is  sufficient  data  given  when  all  the  wires  are  read,  to  enable  one  to  correot  any 
error  that  might  have  been  made  in  any  reading. 

MA.P8. 

The  traverse  of  line  No.  1  was  plotted  on  Manilla  p/»per,  scale  1:10000 ;  the  profile 
was  plotted  on  cross-section  paper,  scale  1:60,  and  the  whole  transferred  to  tracing 
cloth :  the  traverse  and  profile  of  lines  2  and  4  were  plotted  on  protractor  sheets,  hori- 
zontal scale  1:10000,  vertical  scale  1:60,  and  the  whole  transferred  to  tracing  cloth. 
The  traverse  of  lines  5,  6,  7,  8,  and  9  was  plotted  on  protractor  sheets,  scale  1:10000, 
and  their  profiles  plotted  on  tracing  cloth,  scale  1:60.  The  profiles  of  surface  of  high 
water  of  1882  have  been  plotted  on  lines  2, 5, 6, 7, 8,  and  9 ;  the  profile  of  high  water  of 
1867  has  been  plotted  on  line  No.  4.  All  the  lines,  traverse  and  profile,  have  been 
plotted  on  paper:  horizontal  scale,  1:100000;  vertical  scale,  1:120. 

All  the  reducea  maps,  except  tbat  of  line  No.  1,  show  the  profile  of  surface  of  high 
water  of  18^.  The  map  of  line  1  shows  the  surface  of  high  water  of  1882  at  several 
places,  obtained  from  the  answers  to  a  set  of  questions  sent  to  persons  residing  along 
the  section. 

The  high- water  profile  for  1882,  plotted  on  line  No.  4,  was  reduced  from  the  high- 
water  profile  of  1867,  plotted  on  the  large-scale  map  by  taking  the  difference  of  the 
high  waters  of  1867  and  1882  at  Helena,  and  makin||[  the  profiles  parallel.  The  high- 
water  profiles  for  the  other  lines  were  plotted  from  high- water  marks  taken  while  run- 
ning the  sections. 

The  above-named  maps  and  profiles  are  herewith  respectfully  submitted  as  a  part 
of  this  report. 

The  time  occupied  in  completing  this  work  has  been  much  greater  than  was  at  first 
anticipated.  However,  the  nature  of  the  country  through  which  the  sections  were 
run,  taken  in  connection  with  the  fact  that  the  first  two  seasons  were  very  unfavora- 
ble, will  account,  in  some  measure,  for  the  slow  rate  of  progress. 

The  country  through  which  the  sections  were  run  is  mainly  uninhabited,  and  is 
heavily  timbered.  This  made  a  great  deal  of  clearing  of  lines  necessary,  which  greatly 
retarded  the  progress  of  the  work. 

The  almost  entire  absence  of  roads  made  the  transportation  of  camp  equipage  a 
serious  difficulty  even  when  the  swamps  were  dry;  when  the  swamps  were  wet  the 
difficulty  was  very  much  increased ;  several  bridges  and  raft«  have  been  built  in  order 
to  cross  streams.  It  has  been  necessarv  on  several  occasions  to  abandon  all  camp 
equipage  except  what  could  be  carried  by  my  men,  on  account  of  the  impossibility 
of  getting  pack  animals  through  the  swamps. 

Very  little  time  has  been  lost  on  account  of  sickness;  in  fact,  the  health  of  my 
paity  has  been  better  than  could  reasonably  have  been  expected. 
Very  respectfully,  your  obedient  servant, 

E.  S.  Davis, 
United  States  Aeeietant  Engineer. 

First  Lieut.  Smith  S.  Lbach, 

Sceretanf  MUeiaHppi  Biver  CommisHon* 
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APPENDIX  F. 

RXPOBTS    UFOX,  AND    BESUlsTB    OF,  RIVER   GAUGINOS  AT  VARIOUS    PODTIB  ON  THE 
MIBSIfiSIPPI  AND    OHIO  RIVBR8. 

1.— At  Clayton,  Iowa,  and  Paducah,  Kt.— W.  O.  Price,  Assistant  in  Charge. 

Carrollton,  La.,  May  10, 1880. 
Lieutenant:  In  accordance  with  your  order  of  April  26, 1883, 1  have  the  honor  to 
submit  the  following  report  on  the  work  of  observing  discharge  at  Clayton,  Iowa,  and 
Paducah,  Ky.,  and  on  methods  of  measuring  the  discharge  ot  rivers. 

observations  at  CLAYTON,  IOWA. 

In  accordance  with  orders  received  from  yon,  I  arrived  at  Clapton,  Iowa,  on  October 
12,  1880,  and  proceeded  to  make  a  reconnaissance  of  the  Mississippi  River  in  the 
vicinity  of  the  month  of  the  Wisconsin,  for  the  purpose  of  finding  the  most  favorable 
location  for  a  discharge  section.  There  was  some  delay  in  making  the  selection,  but 
the  party  got  well  started  by  the  25th  of  October,  and  the  work  was  carried  on  with- 
out serious  interruption  till  October  25, 1881.  Until  the  breaking  up  of  the  Ice  on 
March  29,  1881,  all  the  velocity  observations  were  measured  with  the  meter.  After 
the  ice  stopped  running,  April  12, 1880,  observations  were  taken  with  rod-floats,  used 
in  connection  with  the  plant. 

During  the  entire  season  222  velocity  observations  were  made,  of  which  85  were 
with  the  meter  and  137  with  rod-floats.  Besides  the  regular  velocity  observations 
for  discharge,  thtVe  were  taken  36  sets  of  vertical  observations. 

The  balance  of  the  work  comprised : 

53  sets  slope  observations. 

28  sets  longitudinal  soundings. 

40  sets  sediment  observations. 

10  sets  drcdgings. 

The  results  of  this  work  were  published  in  the  Beport  of  the  Cominission  for  1682, 
page  133. 

OBSERVATIONS  AT  PADUCAH,  KY. 

Arrived  at  Paducah  November  29, 1881,  and  made  observations  of  discharge  from 
this  time  till  November  26.  1882.  During  this  time  215  discharges  were  measured,  of 
which  27  were  with  rod-noats  and  188  with  the  meter  and*  plant.  In  addition  to 
these  velocity  observations  there  were  208  verticals  taken.  A  few  of  the  observations 
were  taken  partly  with  rods  and  partly  with  the  meter,  but  this  was  only  an  occa- 
sional occurrence. 

The  results  of  this  work,  as  computed  in  the  office  of  the  commission,  are  appended 
to  this  report. 

METHODS  OF  MEASURING  THE  DISCHARGE  OF  RIVERS. 

Method  with  dotible  floats. 

1  think  these  floats  do  not  give  the  mid-depth  velocity,  owing  to  the  effect  the 
current  has  on  the  upper  float  and  connecting  wire.  The  upper  float  is  also  affected 
by  the  wind.  Observers  are  supposed  to  use  a  very  fine  wire  to  connect  the  floats, 
but  as  this  causes  much  trouble  by  breaking,  a  strong  string  is  usually  put  in,  and 
this  catches  too  much  water.  For  this  reason  the  measurement  would  be  too  great 
except  where  there  is  a  strong  up-stream  wind,  when  it  might  be  too  small.  Meas- 
urements of  vertical  curves  of  velocity  with  double  floats  in  an  up-stream  wind 
show  a  much  greater  djecrease  of  velocity  near  the  surface  than  the  same  measure- 
ments with  the  current  meter. 

The  mid-depth  velocity  is  not  always  a  mean  velocity.  I  think  it  varies  with  dif- 
ferent sections  and  with  different  stages  of  water,  bein^  from  1  to  4  per  cent,  greater 
than  the  mean.  At  Paducah,  Ky.,  during  the  year  1882,  it  was  about  4  per  cent  most 
of  the  time,  being  a  little  less  at  low  water.  At  Carrollton  during  this  year's  obser- 
vations it  has  been  4  per  cent. 

For  timing  floats  a  stop-watch  is  used,  and  I  think  tliey  cannot  be  depended  upon 


APPENDIX   T  T — ^REPORT  OP  MISSISSIPPI  BIVEB  COMMISSION.      2685 


unlees  in  the  bondB  of  a  oaiefiil  eDgineer  wlio  has  the  meohanical  skill  to  keep  them 
in  order. 

There  is  no  check  on  any  of  the  observers,  one  of  whom  bein^  a  careless  man  will 
spoil  the  accuracy  of  the  work.  The  shore  observers  mav  work  with  their  instru- 
mentb  oat  of  adjustment ;  they  may  miss  the  float  bnt,  give  the  signal  as  though  all  was 
lieht ;  or  the  floats,  to  save  labor,  may  not  be  adjusted  to  mid-depth,  and  the  chief 
of  tbo  party  may  not  know  it. 

Meth4Ki  yfiih  rod-floaU. 

When  these  floats  are  observed  from  the  shore^  as  with  double  floats,  there  is  no 
check  on  any  one  of  the  observers.  Careless  observers  will  let  the  float  project  too  much 
out  of  water  so  that  it  is  affected  by  the  wind.  It  is  impossible  to  run  floats  nearer 
than  one  or  two  feet  of  the  bottomland  where  the  sand  waves  are  three  feet  high 
they  are  liable  to  be  over  three  feet  from  the  bottom  most  of  the  time.  In  deep  places 
tbey  often  do  not  reach  to  mid-depth. 

Aa  the  vertical  curve  of  velocity  varies  very  much  with  different  sections,  and  also 
at  different  points  on  the  same  section,  it  is  impossible  to  make  a  formula  which  will 
reduce  the  observed  velocity  to  a  true  mean.  For  this  reason  when  the  floats  do  not 
reach  nearly  to  the  bottom  they  may  not  be  as  accurate  as  the  double  floats.  At 
Carrollton,  La.,  where  the  water  is  over  100  feet  deep,  it  would  not  be  easv  to  run 
floats  reaching  to  mid-depth,  and  as  the  velocity  at  three-fourths  of  the  depth  is 
frequently  found  to  be  as  sreat  as  it  is  at  mid-depth  or  the  surface,  the  observed 
velocity  of  a  float  reduced  Bv  Francis'  formula  would  be  far  from  correct. 

At  Paducafa,  Ky.,  the  discharge  was  measured  once  a  week  during  a  part  of  the 
year  by  both  rod-floats  and  the  meter.  The  floats  were  run  at  the  same  stations  and 
at  the  aame  time  that  the  meter  was  running.  The  apparatus  for  runuiug  the  floats 
was  attached  to  the  stem  of  the  oatiunaran,  which  was  anchored.  The  floats  were 
timed  by  a  good  stop-watch,  which  was  kept  in  good  order,  and  it  was  stopped  and 
started  automatically  by  electricity.  During  the  time  these  measurements  were  taken 
the  river  fell  from  about  a  medium  stage  to  low  water.  At  first  the  rod-float  dis- 
charges were  the  greatest,  but  when  the  river  had  fallen  much  lower  they  were  less 
than  those  taken  with  the  meter.  When  the  rod-float  discharges  were  the  greatest 
the  vertical  curves  of  velocity  taken  with  the  meter  were  like  l  ig.  1,  and  when  they 
were  leas  tbey  were  like  Fig.  2. 


Fig.  1.        Surface. 


Fig,  2. 
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This  showed  that  the  observed  velocity  of  the  floats  had  not  been  reduoed  enonoh 
at  first,  and  afterwards  too  much,  though  the  same  formula  (Francis'}  was  used  all  tne 
time. 

The  method  of  running  rod-floats  Arom  an  anchorage  with  an  automatic  electrical 
apparatus  for  timing  them  is  far  more  accurate  than  that  with  observers  on  shore, 
and  the  only  part  not  checked  is  the  reading  of  the  stop-watch,  and  this  should  be 
tested  at  least  twice  a  day  by  comparison  with  an  ordinary  watch. 

Method  toith  current  meter. 


In  this  method  the  man  who  has  charge  of  the  field-work  can  see  that  every  part 
Is  done  correctly.  An  ordinary  watch  can  be  used  for  timing  the  meter,  so  there 
is  no  error  from  this  source. 

It  has  been  supposed  that  tbe  meter  measurements  are  too  great,  as  it  takes  in 
all  the  oscillations  of  the  current.  Observations  at  Paducah,  Ey.,  a  report  of  which 
I  forwarded  on  October  10, 1882,  show  that  the  horizontal  oscillations  of  the  cnr« 
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rent  aro  bo  small  they  bardly  increase  the  registrations  at  all,  while  another  obser- 
vation at  Carrollton,  La.,  the  result  of  -which  was  given  in  my  report  of  April  20, 
1683,  shows  that  the  vertical  oscillations  do  not  increase  the  measurements  by  the 
meter. 

If  the  meter  is  a  good  machine  and  in  the  hands  of  a  careful  observer,  I  think  it 
cannot  fail  to  give  correct  results,  while  the  methods  with  floats  have  been  in  use  for 
a  long  time,  and  have  been  carried  to  as  great  perfection  as  possible,  and  yet  do  not 
give  perfect  results. 

The  method  with  the  meter  has  been  greatly  improved  during  the  last  three  years, 
and  it  was  not  till  this  year,  after  I  had  made  a  good  many  cm^nges,  that  I  became 
satisfied  with  the  apparatus  in  use. 

Experience  shows  that  the  only  meter  which  will  work  in  water  which  carries 
leaves  and  grass,  is  one  with  a  wheel  which  turns  like  the  Ellis.  But  the  Ellis  meter 
was  not  constructed  with  a  knowledge  of  the  difficulties  it  would  have  to  contend 
wiihin  the  Mississippi.  Owing  to  the  particles  of  sand  in  the  water  the  contact 
would  not  always  work,  and  the  bearings  of  the  wheel  were  ruined  in  a  short  time. 
Small  pieces  of  drift  striking  the  li^ht  wheel  bent  or  broke  it,  and  sometimes  car- 
ried it  away.  Repairs  and  new  ratmgs  were  required  very  often.  The  apparatus 
for  using  it  was  not  jperfect.  The  insulated  wire  would  break ;  tbe  electric  connec- 
tion would  fail,  and  it  would  be  almost  impossible  to  find  where  the  trouble  was. 
But  the  apparatus  has  been  i^preatly  improved,  so  that  it  is  now  no  trouble  for  an  or- 
dinary boatman  to  manage  it.  A  meter  has  been  constructed  which  overcomes  the 
old  difficulties,  and  which  requires  no  more  attention  than  simply  to  be  oiled  occa- 
sionally. 

The  meter  at  Carrolltou,  La.,  has  not  been  taken  apart,  or  received  any  attention 
except  to  oil  it,  in  nearly  three  months,  and  it  cannot  be  seen  that  it  is  worn  in  the 
least,  or  is  not  jnst  as  perfect  a  machine  as  when  it  was  constructed.  The  contact 
has  never  failed,  and  the  register  has  never  stopped  except  when  the  insulated  wire 
was  worn  out. 

The  ratings  of  this  meter  do  not  vary  more  than  one-tenth  of  1  jjer  cent.,  and  1 
think  that  this  variation  is  the  fault  of  the  observers.  It  is  my  experience  that  it  re- 
quires a  great  change  in  the  amount  of  friction  with  which  the  wheel  turns,  to  make 
1  per  cent,  variation  in  the  rating. 

Comparison  of  methods. 

On  the  Lower  Mississippi,  at  high  water,  a  float  will  pass  over  the  200-foot  section 
in  less  than  30  seconds.  If  2G  floats  are  run  (and  I  believe  that  is  about  tbe  usual  num- 
ber), the  velocity  will  be  measured  just  13  miuut'es  during  each  survey,  which  would 
require  about  four  hours.  Now,  if  the  meter  was  used  to  take  a  discharge,  iu  four 
hours  it  would  have  been  measuring  all  tbe  pulsations  of  the  current  during  about 
200  minutes. 

A  float  passing  over  the  200-foot  section  in  30  seconds  measures  the  velocity  of  the 
water  only  in  its  immediate  vicinity,  while  the  meter  running  only  30  seconds  would 
measure  the  velocity  of  a  line  runniug  through  a  200'foot  block  of  water. 

Suppose  that  the  observed  velocity  of  a  float  could  always  be  reduced  to  a  true 
mean,  and  that  the  meter  always  measures  the  velocity  correctly,  it  would  require 
more  than  20  floats  to  equal  the  accuracy  of  a  10-minute  run  of  tbe  meter;  and  at 
two  stations  at  CarroUton  it  is  necessary  to  run  the  meter  20  minutes  in  order  to  get 
an  average  velocity. 

Cost  of  different  methods  per  mouth  for  large  rivers: 

Method  with  double-floats  or  rod-floats: 

One  assistant  engineer $130 

One  recorder , 90 

Two  leadsmen,  at  $55 110 

Four  boatmen,  at  $45 IdO 

Total 510 

Method  with  current  meter : 

One  assistant  engiueer $130 

One  engineer  of  launch UO 

One  stccrsniau 1 55 

Two  boatmen,  at  |45 90 

One  steam  launch 100 

Total , , , ,..      465 


APPENDIX  T  T — ^REPORT  OP  MISSISSIPPI  RIVER  COMMISSION.      2587 

For  small  riyers  where  a  wire  anchorage  can  he  oaed : 
Method  with  doahle-floats: 

One  aadstant  engineer |130 

Onerpoorder 90 

Ono  leadsman 55 

Two  boatmen,  at  $45 90 

Total 365 

Method  with  rod-floats  or  the  meter : 

One  assistant  engineer $  130 

Two  boatmen,  at  $45 90 

Tbtal 220 

The  above  is  the  force  required  to  measare  the  discharge.  If  the  work  is  to  bo  com- 
poted  in  the  field,  one  recorder  will  be  required  in  addition  to  the  force  given  for  each 
method,  though  the  work  could  be  partly  computed  without  him.  Data  taken  with 
the  meter  are  much  the  easiest  to  compute. 

COKCLUSION. 

I  think  the  method  with  the  current  meter  is  the  most  accurate  and  reliable,  and 
for  large  rivers  it  is  the  cheapest.  For  small  rivers  the  method  with  rod-floats  is 
nearly  as  cheap  as  the  method  with  the  meter. 

For  small  rivers  where  a  wire  anchorage  can  be  used,  the  method  with  rod-floats  is 
much  more  accurate  than  the  method  with  double-floats  observed  from  the  shore ;  but 
in  a  largo,  deep  river  I  doubt  if  the  rod-floats  are  as  accurate  as  the  double-floats. 

I  recommencl  the  following  method  for  measuring  the  discharge  of  rivers: 

Location  of  section. 

The  section  should  be  located  in  a  straight  reach  if  possible  and  not  very  near  a 
tributary. 

The  section  at  Paducah,  Ky.,  was  located  just  below  the  mouth  of  the  Tennessee, 
and  the  Tennessee  water  being  wannest,  and  therefore  lightest,  spread  over  the  Ohio 
water ;  and  as  the  Tennessee  cnrrent  was  much  the  slowest,  there  was  a  slow  surface 
current  and  a  swift  undercurrent ;  and  these  currents  were  not  parallel,  but  ran  at 
ail  angle  of  about  20^ ;  this  caused  a  great  deal  of  trouble.  When  the  section  was 
laid  out  in  November  the  currents  were  all  right;  the  trouble  did  not  begin  till  the 
next  June. 

Method  of  locating  section. 

The  section  Hue  should  be  made  at  right  angles  to  the  average  direction  taken  by 
at  lf*ast  twenty  rod-floats.  The  floats  should  bo  started  from  points  not  over  150  feet 
apart  and  about  100  feet  above  a  preliminary  section  lino  taken  at  rigbt  angles  to  the 
sh  re  lino.  The  floats  must  be  started  from  an  anchored  skiff;  and  with  a  sextant 
set  at  VQP,  a  lino  at  right  angles  to  the  direction  taken  by  the  float  should  be  staked 
off  on  Khore.    A  mean  of  all  these  right- angle  lines  will  be  the  best  section  line. 

If  the  section  is  not  a  very  good  one  the  cnrrent  on  ono  side  of  the  river  may  not 
run  imrallol  with  the  current  on  the  other  side ;  in  this  case  it  might  bo  best  to  make 
an  angin  in  the  section  line. 

Method  of  looating  soundings  and  meter  stations  on  section  line. 

Erect  a  line  of  signals  on  shore  at  right  angles  to  the  section  line  and  np  the  river 
fmm  it;  make  the  length  of  the  signal  line  one-fourth  the  width  of  the  river.  The 
signals  must  all  be  ^  leet  apart,  excepf  the  first  six,  which  must  be  only  5  feet  apart; 
make  thu  width  of  the  signal  doth  1  four,  and  the  height  about  3  feet.  Every  fifth 
signal  of  those  25  feet  apart  should  be  double  in  height,  so  as  to  distinguish  it  from 
the  others. 

Ati  ordinary  sextant,  or  a  cheap  one  made  after  the  plan  accompanying  this  report, 
must  then  Ite  set  at  an  angle  of  14^  02f,  This  is  an  angle  in  a  right-angled  triangle, 
audi  1  hat  the  base  is  four  times  the  peq>endioular ;  then  every  25  foot  space  covcrecl 
by  the  wxtant  will  equal  100  /eet  out  on  the  section  line,  and  every  fraction  of  25 
feet  will  eanal  such  a  fraction  of  100  feet  ont.  It  is  easy  to  read  the  distance  in  this 
way  to  within  1  or  2  feet.  The  sextant  should  be  tested  every  morning  by  measur- 
ing witii  it  the  known  distance  across  the  river. 
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Location  of  velociiy  ataiions. 

The  velocity  should  be  measured  nt  at  least  18  stations ;  that  is  the  number  now 
used  at  CarroUton,  La.  The  velocity  stations  should  bo  near  together  where  the  curve 
of  velocity  is  sharp,  and  farther  apart  at  other  places.  In  order  to  save  labor  in  com- 
puting, the  stations  should  be  located  at  tho  same  distance  from  the  base  line  every 
day ;  and  the  last  two  figures  of  the  distance  should  be  00,  20,  40,  60,  or  80. 

In  a  lar^e  river  where  tho  wire  anchorage  cannot  bo  used,  the  velocity  stations 
should  be  fixed  by  diagonal  range  lines  on  shore  and  abovo  the  section.  These  range 
lines  should  not  cross  the  section  line  at  a  sharper  angle  than  60^,  and' the  nearer  90^ 
it  is  the  better. 

Method  of  holding  eatanuiran  at  the  station. 

Where  the  wire  anchorage  cannot  be  used,  the  catamaran  should  be  lashed  to  tho 
side  of  a  launch  and  kept  steady  at  the  station  by  the  pilot  and  engineer;  great  care 
being  taken  that  the  run  of  the  meter  begins  and  ends  Just  on  the  section  line. 

The  wire  anchorage. 

In  a  river  which  does  not  carry  much  drift  the  catamaran  should  be  held  in  posi- 
tion by  a  wire  anchorage  laid  about  15  feet  above  the  section  line. 

The  cross-wire  should  be  made  of  No.  10  steel  wire,  and  should  be  made  in  links  80 
feet  2  inches  long ;  the  links  must  be  joined  by  wronght-iron  rings  2  inches  in  diam- 
tor ;  thi? makes  the  distance  from  station  to  station  80  feet,  and  allows  4  inches  for 
the  sag  of  the  wire ;  experience  teaches  that  this  is  about  the  right  amount. 

Tho  cross-wire  must  be  supported  at  each  station  by  an  anchor  wire  running  np- 
strenm  t<^  a  rock  weighing  at  least  250  pounds ;  the  length  of  the  anchor  wire  must  bo 
five  times  the  (lej)th  of  the  water. 

A  machine  for  pulling  the  catamaran  across  on  the  wire  should  be  used ;  it  should  bo 
placed  on  a  platform  S^fcet  wide,  which  should  project  4  feet  ahead  of  the  catamaran 
skiffs ;  this  platform  must  be  very  strong. 

The  direction  in  which  the  catamaran  is  taken  across  the  anchorage  must  be  ro- 
vers* d  every  time.  If  the  current  is  very  swift  the  wire  cannot  be  run  twice  in  tho 
same  direction  without  breaking  it,  while  if  the  direction  is  always  reversed,  it  will 
last  a  long  time.  When  the  anchorage  has  been  used  some  time,  it  is  best  to  double 
the  eross-wiie;  during  high  water  it  will  probably  be  necessary  to  raise  tho  cross- 
wire  every  day  to  prevent  its  becoming  buried  under  the  sand  waves. 

Method  of  using  the  meter. 

The  meter  should  bo  lowered  from  the  stem  of  the  catamaran  by  two  No.  10  iron 
wircM,  one  of  which  should  be  graduated  to  feet,  and  marked  at  every  10  feet  by  a  red 
or  white  piece  of  cloth  tied  round  it ;  the  wire  must  be  graduated  by  soldering  to  it  a 
close  winding  of  iron-thread  wire,  which  should  not  be  over  rhu  of  an  inch  in  diam- 
eter. It  requires  about  one  hour  for  a  party  to  graduate  a  wire  in  this  way,  and  if 
properly  done  it  will  last  three  months.  The  other  wire  is  ibe  safety  wire,  and  it  has 
the  insulated  wire  wound  aiound  it;  it  is  necessary  that  the  insulated  wire  bo  wound 
around  the  other,  as  if  it  is  only  tied  to  it,  it  will  vibrate  in  the  water  and  break  in  a 
hhort  time  where  it  is  tied.  The  safety  wire  should  be  renewed  occasionally  to  iusuri) 
against  losing  the  meter.  These  wires  should  run  over  large  wooden  pulleys  18  inches 
iu  diameter;  snuiU  iron  pulleys  will  break  the  wire  in  a  short  time. 

The  electric  circuit  is  formed  by  two  wires,  one  of  which  is  the  iron  graduated  wire; 
the  electricity  pusses  from  this  to  the  iron  reel  on  the  catamaran,  and  is  taken  from 
the  shaft  of  the  reel  by  three  brass  springs  which  press  against  a  copper  band  which 
is  soldered  around  the  sliaft ;  the  other  wire  is  insulated,  and  is  wound  around  the 
iron  safety  wire  which  runs  olf  the  other  reel;  the  iusulated  wire  passes  down  to  the 
shaft  of  the  reel,  and  out  through  a  groove  under  the  bearing  to  another  copper  band 
which  is  insulated  from  the  shaft  by  pine  wedges  driven  under  it;  three  spiings 
jiress  against  this  band  the  same  as  on  the  other  reel;  two  or  more  springs  are  neces> 
rary,  as  one  will  fail  to  carry  the  current  occasionally. 

Tho  niet4jr  frame  is  allowed  to  turn  both  horizontally  and  vertically.  It  is  fastened 
to  the  iron  rod  one  foot  above  the  weight ;  the  rod  should  bo  three-fourths  of  an  inch 
in  diameter.  The  weight  is  linked  to  the  rod  so  that  the  vane  keeps  it  parallel  with 
the  cuiTcnt. 

Integrations  with  the  meter. 

If  integrations  are  to  be  taken  with  this  apparatus,  they  must  be  taken  in  both  direc- 
tions, to})  to  bottom  and  bottom  to  top,  and  a  mean  of  the  two  used. 
In  the  right-angled  triangle  A  B  C,  let  A  B  equal  tho  distance  the  water  runs  while 
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the  meter  ib  moTing  from  the  top  to  the  bottom,  and  B  C  equal  the  depth  of  the  water; 
then  the  line  measnied  by  the  meter  will  be  A  C. 


The  meter  most  be  lowered  at  such  a  slow  rate  that  the  line  A  B  will  be  very  long 
in  proportion  to  B  C,  bo  that  it  will  nearly  equal  A  C. 

Mid-depth  velodUes. 

In  taking  the  velocitv  at  mid-dopth,  the  meter  must  first  be  lowered  to  the  bottom 
and  the  sounding  read  on  the  wire;  divide  this  sounding  by  2  for  the  mid-depth. 
Owing  to  the  sag  of  the  wire  down  stream,  this  sounding  is  greater  than  that  taken 
with  the  lead-line,  and  must  not  be  used  in  calculating  the  discharge. 

Sounding  the  eeciion. 

The  section  should  be  sounded  Just  before  or  Just  after  the  measurement  of  velocity, 
except  where  a  wire  anchorage  is  used ;  in  that  case  the  section  can  be  sounded  at  the 
same  time  with  the  measurement  of  velocity. 

The  soundings  should  not  average  over  45  feet  apart.  The  soundings  should  bo  read 
by  both  leadsman  and  recorder. 

If  an  ordinary  lead -line  is  used,  it  should  be  tested  as  follows:  Just  as  soon  as  the 
soundings  are  finished,  fasten  the  lead  on  the  ground  and  tie  a  spring  balance  to  the 
end  of  the  line ;  give  the  line  one  quick  pull  and  fasten  it ;  make  the  pull  just  equal 
to  the  pull  which  the  leadsman  gives  the  line  \vbcu  bo  raiHCfl  it  to  take  tbe  sounding ; 
then  measure  the  line  and  correct  the  soimdingH  accordingly ;  remember  that  if  the 
line  is  too  short,  the  soundings  are  too  great.  With  a  IG-pound  lead  and  100  feet  of 
line,  tbe  pull  is  about  26  pounds. 

Method  of  reading  gauge. 

When  the  river  is  rou^h  the  gau^e  should  be  read  with  an  instrument,  a  plan  of 
which  is  inclosed.  The  instrnmout  is  clamped  at  an  even  tenth  of  a  foot  on  the  gauge; 
then  tho  distance  from  the  clamp  to  the  water  is  read  on  tbe  graduated  plate  which 
rises  up  in  the  center.  A  small  hole  near  tbe  bottom  of  tbe  pipe  lets  iu  tho  water 
which  lifts  the  air-tight  float  and  graduated  plate.  When  tho  waves  are  0  inches  high 
tho  gauge  can  be  read  with  this  instrument  to  within  one  or  two- thousandths  oi  a 
foot. 

Melhod  of  meaauring  ditcharge  when  the  river  ta  frozen  over. 

When  the  river  is  covered  with  ice  the  motor  must  be  put  down  through  holes,  and 
an  apparatus,  a  plan  of  which  is  inclosed,  should  be  constructed  for  the  purpose. 

It  is  a  house  on  a  sled  and  contains  a  stove,  which  is  fed  from  the  outsicte,  a  fuel 
box,  a  battery  box,  and  two  reels  for  lifting  the  meter,  the  handles  to  the  reels  being 
turned  from  the  outsido.  It  is  large  enough  for  one  man  only,  and  should  be  mado  as 
light  as  possible.  The  meter  is  lowered  through  a  trap-door  |  one  reel  carries  a  standing 
wire  with  heavy  weight,  and  the  other  carries  a  smaller  wire  with  the  insulated  wire 
wound  around  it,  which  is  fastened  to  the  top  of  a  piece  of  gas-pipe ;  the  meter  fastened 
to  the  gas-pipe  slides  up  and  down  on  the  standing  wire. 

The  electric  current  is  carried  by  the  insulated  wire  and  tho  wire  around  which  it  is 
wound.  It  is  taken  from  the  hub  of  the  reel  by  copper  bands  and  springs,  the  same 
as  are  used  on  the  catamaran;  tho  standing  wire  should  be  graduated  to  foet. 

Mtthod  of  reading  the  gauge  through  the  ioe. 

Cut  a  hole  where  the  water  is  not  over  4  or  5  feet  deep,  and  drive  in  a  stake  with  a 
round  top ;  let  tbe  top  of  the  stake  be  about  8  inches  above  the  bed  of  tbe  river ;  de- 
termine the  elevation  of  the  stake  by  leveling  to  a  bench-mark ;  read  the  elevation 
of  the  water  by  measuring  from  the  top  of  the  stake  to  tho  surface  of  tho  water,  using 
a  graduated  rod  with  a  piece  of  board  on  the  end,  as  shown  in  the  plan  accompanying 
this  report    It  will  be  neceasazy  to  melt  the  ice  &om  the  rod  after  each  readmg. 
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Bating  of  meter. 

The  meter  shonld  be  rated  in  a  lake  of  Btill  water,  which  should  uot  bo  less  than  5 
feet  deep ;  put  the  meter  on  an  iron  rod  so  that  it  is  free  to  swin^  in  any  direction ; 
fasten  the  rod  in  front  of  a  skiff  so  that  the  meter  will  be  some  distance  under  water ; 
if  the  meter  is  too  near  to  the  surface  or  to  the  skiff,  a  good  rating  will  not  be  obtained. 
Draw  the  skiff  by  means  of  a  rope  at  different  velocities  over  a  base  of  200  feet.  Ex- 
amine the  meter  occasionally  to  see  if  the  connecting  wires  have  not  become  twisted 
around  the  iron  rod,  so  as  to  hold  the  meter  out  of  line  with  the  curront. 

All  the  ratings  of  a  meter  should  be  the  same,  unless  the  wheel  has  been  bent. 

All  the  methods,  instruments,  and  every  part  of  the  apparatus  given  in  this  report 
have  been  used  by  me  for  a  long  time,  and  are  known  to  work  well.  The  dniwinga 
accompanying  this  report  were  made  by  Mr.  M.  K.  Bowen,  recorder. 

Respectfully  submitted. 

W.  G.  Price, 

J$9i8iani  Engineer. 

First  Lieut.  Sihth  S.  Leach, 

Secretary  Mississippi  Biver  Commission. 

Discharge  observatianSf  Padttcah,  Ky, 

This  section,  of  which  a  sketch  and  profile  are  given  below,  was  located  2^  miles 
below  the  mouth  of  the  Tennessee  River.  Parallel  base  lines,  one  on  each  shore,  were 
fixed,  and  the  observations  taken  on  a  line  at  right  angles  to  these ;  the  distance  be- 
tween bases  was  4,100  feet.  Velocity  was  taken  at  sixteen  or  seventeen  stations  on 
this  line,  and  soundings  for  section  were  made  at  intervals  varying  from  50  to  100  feet. 

Above  the  stage  of  41  feet  the  Illinois  bank  was  overflowed  for  a  limited  width.  As 
this  bank  was  covered  with  a  dense  ^px>wth,  the  shore-line  at  high  stages  was  placed 
where  the  current  became  imperceptible. 

At  a  stage  of  43  feet,  on  the  Kentucky  side,  the  water  reached  the  top  of  an  old 
earthwork  behind  which  was  a  depression,  the  bottom  of  which  was  at  the  34-foot 
level.  The  water  width  and  area  of  this  depression  were  neglected  in  the  field  com- 
putations;  but  were  inclnded  in  the  revision  made  in  the  office. 

A  peculiar  feature  of  this  station  is  that  at  this  point  the  waters  of  the  two  rivers 
are  still  but  imperfectly  mingled,  the  flow  of  the  Tennessee  overlying  that  of  the 
Ohio  for  some  distance  out  from  the  Kentucky  side.  In  consequence,  the  velocities 
taken  by  the  meter  at  mid-depth,  in  this  part  of  the  section,  being  those  of  the  un- 
derlying current  (Ohio),  which  is  here  swifter  than  that  of  the  Tennessee,  are  higher 
than  the  mean  velocities  indicated  by  integration  measurements,  while  the  corre- 
spondinp^  rod-float  velocities  are  re^larly  less  than  the  mean.  In  the  field  computa- 
tions this  anomaly  was  disregarded,  but  in  the  office  computations,  these  mid-depth 
velocities  were  correcte<l  by  the  use  of  coefficients  deducea  from  the  velocity  curves. 

In  the  tables  the  mean  gauge  reading  is  ^ven  for  noon,  while  the  computations  are 
based  upon  the  grange  height  at  the  mean  time  of  observation. 

Scour  and  fill  is  the  difference  between  the  change  of  area  as  observed  and  that 
computed  from  the  change  of  gauge ;  scour  is  recor^d  as  plus,  fill  as  minus. 

The  datum  stage  was  taken  at  50  feet,  and  an  area  below  this  datum  assumed.  ''Area 
below  datum  "  for  each  discharge  was  obtained  by  combining  the  scour  or  fill  with 
the  preceding  datum  area. 

The  direction  of  the  wind  is  recorded  by  the  "  clock-face  "  method,  XII  being  up- 
stream.   Force  is  estimated  on  a  scale  of  1  to  10. 

The  computations  from  the  beginning  of  observations  to  August  12  were  made 
in  the  field ;  after  that  date  in  the  office. 

E.  H.  Twining. 

Note. — ^The  discharge  at  this  point  is  subject  to  the  control  of  such  varying  con- 
ditions, that  the  plotted  sheet  shows  frequent  departures  from  a  normal  curve. 

The  conditions  of  control  are-— the  stage  of  water  at  the  mouth  of  the  Ohio,  that 

of  the  Upper  Ohio,  and  that  of  the  Tennessee. 

»  •  •  •  •  •  « 
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2.— At  Columbus,  Ky.,  J.  H.  Davis,  Assistant  in  Cilargk. 

Officb  Mississippi  Rivkb  CoBoassiON, 

Saint  Louis,  Mo.,  July  7,  1683. 

Sir  :  I  have  the  honor  to  suhmit  the  following  report  on  the  observations  made  at 
Columbus,  Ey. ,  from  December  17, 1H81,  to  November  25, 1882.    The  work  consisted  of: 

Ist.  Discharge  observations. 

2d.  Determining  vertical  velocity  curves. 

3d.  Determining  transverse  velocity  curves. 

4th.  Longitudinal  soundings. 

5th.  Cross-section  soundings. 

6th.  Experiments  on  subsurface  currents. 

Preliminary  work.— The  party,  consisting,  at  first  of  assistant,  recorder,  and  three 
boatmen,  reached  Columbus  on  the  29th  of  November.  After  locating,  operations 
were  begun  by  making  a  reconnaissance  of  the  river  in  front  of  town  for  the  purpose 
of  selecting  a  suitable  gauging  section.  This  being  completed,  several  days  were 
occupied  in  making  the  necessary  preparations  for  the  work  in  view.  These  were 
delayed  somewhat  on  account  of  having  shipped  most  of  ^be  material  to  Natchez,  the 
place  at  first  selected  for  the  observations.  It  was  not  returned  to  Columbus  till 
December  7,  nine  days  after  the  arrival  of  the  party.  Meanwhile  the  party  were 
employed  in  building  a  catamaran  and  making  such  utensils  as  were  needed  in  manip- 
ulating the  meter.  Range  lines  were  also  laid  off,  and  signals  made  and  erected  upon 
them.  A  water-gauge  was  put  up,  and  tri-daily  observations  upon  the  stage  of  the 
river  commenced.  The  preliminaries  having  been  completed,  the  first  discharge 
measurements  were  made  on  the  17th  of  December. 

Statement, — ^The  discharge  observations  were  made  daily,  Sundays  excepted.  From 
December  17, 1881,  to  November  25, 1882,  there  were  made  in  all  243  sets  of  discharge 
observations.  Of  these,  8  sets  were  niade  with  double  floats,  83  sets  with  rod-floats, 
and  152  sets  with  the  current  meter.  Frequent  omissions  occurred  in  the  early  part 
of  the  work  on  account  of  bad  weather  and  accidents  to  instruments  and  machinery. 

Usually  the  observations  for  a  vertical  curve  were  made  upon  each  day  that  the 
meter  was  used  in  the  discharge  measurements.  There  were  frequent  omissions,  how- 
ever, owing  to  a  lack  of  time.  During  the  year  there  .were  101  curves  determined. 
Thev  were  distributed  across  the  river  so  as  to  include  all  depths  and  velocities. 

The  transverse  velocity  observations  were  made  monthly.  Owing  to  high  water 
and  the  frequent  repairs  to  the  launch,  they  were  not  begun  till  the  last  of  March. 
From  that  time  until  the  close  of  the  work  8  curves  were  determined.  They  extend 
over  a  period  that  includes  all  the  stages  of  the  river  from  hi^h  to  low. 

The  longitudinal  soundings  were  made  weekly  when  the  time  was  not  fully  occu- 
pied with  more  important  work.  There  were  31  sets  made  during  the  year,  a  set  con- 
sisting of  from  12  to  15  lines  of  soundings  over  a  reach  of  500  feet. 

The  cross-section  soundings  were  made  for  the  purpose  of  determining  the  amount 
of  scour  or  fill,  in  sharp  bends,  due  to  certain  changes  in  the  stage  of  the  river.  They 
were  all  made  on  one  section,  and  at  oscillations  of  about  3  feet  on  the  gauge.  From 
May  to  November,  11  sets  of  about  75  soundings  were  made. 

The  experiments  on  the  direction  of  subsurface  currents  were  unsuccessfuL  The 
apparatus  could  not  be  made  to  do  the  work  for  which  it  was  designed.  The  results 
were  wholly  unreliable  and  were  not  recorded. 

Discharge  observations. — These  may  be  divided  into  three  classes :  1st,  observations 
made  with  double  floats;  2d,  observations  made  with  rod-floats;  3d,  observations 
made  with  a  current  meter.  The  last  two  admit  each  of  a  subdivision,  as  will  be 
seen  from  a  description  of  the  methods  emnlpyed. 

From  December  17  to  28,  inclusive,  the  double  floats  were  used  in  discharge  meas- 
urements, there  being  no  other  method  practicable  at  the  time.    They  were  of  the 
Sattem  of  those  used  by  Assistant  W.  H.  Powless,  at  Fulton,  Tenn.,  a  small  cord 
eing  used  for  connecting  the  surface  and  subsurface  parts. 

On  December  29^  in  accordance  with  instructions,  rods  were  substituted  for  double 
floats.  They  consisted  of  tin  tubes  1^  inches  in  diameter,  connected  and  buoyed  by  a 
wooden  rod  of  the  same  diameter.  The  tubes  were  perforated  so  as  to  admit  the 
water  freely.  The  rod  thus  constructed  was  immersed  about  37  feet  in  deep  water. 
This  varied  from  one- third  to  one-half  the  greatest  river  depth  on  the  gauging  section. 
Rod-floats  were  used  with  few  exceptions  until  March  18,  and  at  intervals  of  about 
two  weeks  during  the  remainder  of  the  observations.  In  all  observations  previous  to 
March  I,  the  floats  were  located  in  one  i)oint  of  their  paths  only,  and  by  means  of  the 
telemeter  (see  description).  After  that  date,  they  were  located  in  two  points,  by 
means  of  a  transit.  On  the  12th  of  September,  a  goniometer  was  substituted  for  the 
transit. 

The  instructions  were  to  use  the  current  meter  in  discharge  roeasuremeifts,  but  it 
was  not  practicable  to  do  so  in  the  early  part  of  the  work.  It  could  not  be  used 
without  the  launch,  which  did  not  arrive  till  the  25th  of  December,  and  was  not  serv- 
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iceable  for  more  tban  a  month  following,  except  for  yery  short  periods.  The  meter 
was  first  ased  on  January  24,  but  with  only  partial  success.  It  was  also  used  on  the 
27th  and  28thy  and  a  few  times  in  February.  From  the  middle  of  Febraary  to  the 
middle  of  March,  the  high  water  and  heavy  drift  rendered  it  very  difficult  to  get  a 
complete  discharge  measurement  with  the  meter  at  all,  and  at  best  the  work  was  very 
nnaatisfiftctory.  Durinff  a  week  of  the  time,  also,  the  launch  was  at  Cairo  for  repairs. 
It  being  very  desirable  to  have  a  complete  set  of  observations  over  this  the  highest 
stage  of  uie  river,  not  only  of  that  year,  but  then  on  record,  it  was  thought  advisable 
to  use  rod-floats  exclusively,  that  being  a  surer  metho<l  of  obtaining  complete  results. 
After  March  18,  the  meter  came  into  constant  use,  the  water  having  fallen  sufficiently 
to  handle  it  with  safety  and  comparative  ease.  The  rod-floats  were  still  used  at  in- 
tervals of  about  two  weeks,  in  accordance  with  instructions,  and  sometimes  oftener, 
when  the  meter  needed  repairing  After  and  including  March  18,  with  few  exceptions, 
the  boat  was  anchored  during  the  observations  with  the  meter.  Previous  to  that 
time,  the  observations  were  made  without  anchoring.  Both  methods  are  described 
below. 

MIETHODS. 

Double  fiDai8,^Two  ranges  were  laid  off,  100  feet  apart,  and  as  nearly  parallel  as 
was  practicable,  with  no  better  instrument  than  a  cloth  tape-line.  They  were  also 
practically  at  right  angles  to  the  thread  of  the  current. 

On  these  ranges  front  and  back  signals  were  erected  on  both  shores,  and  also  inter- 
mediate ones  for  use  in  measuring  distances  with  the  telemeter.  The  floats  were 
manipulated  by  an  observer  in  a  skiff.  Tlie  connecting  cord  was  made  of  sufficient 
length  to  allow  the  subfloat  to  run  practically  at  mid-depth,  the  limit  being  between 
four-tenths  and  six-tenths  of  the  depth.  The  float  was  put  out  far  enough  above  the 
uj^per  range  to  assume  a  uniform  rate  before  reaching  it.  The  skiff  was  kept  in  line 
with  the  float  and  at  a  convenient  distance  behind  it,  while  passing  tbe  ranges.  The 
distance  from  shore  was  measured  by  tbe  observer  in  the  skiff,  when  he  reached  a 
point  about  midway  between  the  two  ranges,  the  telemeter  being  used  for  this  pur- 
pose. Soundings  were  taken  on  each  range  by  a  leadsman  in  the  bow  of  the  stiff. 
After  passing  the  lower  range,  tbe  float  was  picked  up,  the  skiff  rowed  above  line, 
and  the  operation  repeated  for  each  successive  observation.  The  float  was  timed  by 
an  observer  on  shore,  who  watched  its  crossing  of  the  ranges,  and  at  the  same  time 
manipulated  a  stop-watch.  To  aid  him  in  determining  when  the  float  crossed  the 
ranges,  a  fine  vertical  wire  was  emploved  at  each  of  the  range  stations.  By  standing 
jnstbehind  it,  and  keeping  it  in  line  with  himself  iind  the  signal  across  tho  river,  the  time 
of  the  floats  crossing  could  be  determined  with  tolerable  exactness.  A  field-glass  was 
also  nsed,  through  which  the  wire,  the  signal  across  the  river,  and  the  float,  could  be 
distinctly  seen  at  the  same  time. 

The  actual  float-path  could  not  be  measured  by  this  method.  In  the  computations 
it  was  considered  100  feet.  In  most  cases  it  was  greater,  and  where  great  accuracy 
is  desired,  the  length  of  path  should  be  corrected  by  those  determined  afterwards  at 
corresponding  stages,  b^  use  of  the  transit. 

Bod'float8,'—{l),  Previous  to  the  use  of  tho  transit,  March  1,  the  method  of  using 
rod-floats  was  the  same  as  that  for  double  floats,  except  that  they  were  not  run  at 
mid-depth.  With  few  exceptions  37  feet  was  the  immersion  used  in  deep-water  ob- 
servations. That  for  shallow  water  was  regulated  by  the  sounding,  the  float  being 
run  as  near  the  bottom  as  practicable  without  touching. 

Rod'floaU.—{2).  A  B.  &  B.  transit  (No.  237)  was  received  the  latter  part  of  February, 
and  brought  into  immediate  use  in  the  discharge  observations  with  floats.  The  range 
lines  were  tested  and  found  but  slightly  out.  A  base  line  of  515  feet  was  laid  off  at 
right  angles  to  the  ranges,  and  a  transit  station  established  at  its  extremity.  A  tele- 
graph line  was  erectod  for  the  purpose  of  signalling  from  the  station  on  the  ranges  to 
the  transit  station.  A  key  was  placed  in  the  circuit  at  each  of  the  range  stations  and  . 
a  Bonnder  at  the  transit  station.  The  circuit  was  left  open  and  could  bo  closed  by 
touching  either  key.  The  floats  were  handled  from  a  skiff,  the  launch  being  used  for 
towing  it  above  the  ranges.  The  boatmen  were  necessarily  relied  upon  for  correct 
manipnlation  of  the  float  as  well  as  the  taking  and  recording  of  tho  soundings.  The 
transit  being  in  position  and  properly  set  with  the  lower  plate  clamped,  the  battery 
and  all  being  in  perfect  working  order,  the  following  programme  was  carried  out  for 
each  observation : 

The  float  was  spliced  and  lowered  some  distance  above  the  upper  range,  so  as  to 
assume  an  erect  position  and  uniform  movement  before  reaching  it.  An  observer  on 
the  upper  range  watched  the  float  until  it  came  within  a  few  feet  of  line,  when  he 
touched  his  kev  twice,  for  a  ready  signal  to  the  observer  at  tbe  transit.  When  the 
float  reached  the  range  the  observer  touched  bis  key  once  and  immediately  went  to 
the  lower  range.    Here  the  same  signals  was  given  as  on  tbe  up|>er  range. 

The  observer  at  the  transit  having  brought  the  float  into  his  field  of  view,  followed 
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it  without  clampinff  until  the  first  signal  oame  ftom  the  observer  on  the  npper  range. 
He  then  clamped  the  vernier  plate  and  followed  the  float  by  turning  the  tangent 
screw  antil  the  second  signal  came.  He  immediately  stopped  the  motion  of  the  screw 
and  read  and  recorded  the  angle ;  unclampinc  the  vernier  plate,  he  aeain  caught  the 
float  in  the  field  of  view,  and  followed  it  until  the  signals  came,  from  we  lower  range, 
when  the  manipulations  were  the  same  as  above.  ^^ 

The  time  was  taken  with  an  ordinarv  watch  by  an  observer  at  the  transit  station. 
The  watch  was  read  at  each  crossing  signal.  The  difference  of  the  two  readings  was 
taken  for  the  time  of  passage.  To  aid  the  observer  in  reading  fractions  of  a  second, 
a  microscope  was  used.    By  means  of  it,  the  watch  could  be  read  to  quarter  seconds. 

A  discharge  measurement  with  floats  consisted  of  from  20  to  25  observations  dis- 
tributed equally  across  the  river. 

The  current  meter, — (1.)  When  anchored. — ^The  meter  was  handled  from  a  catamaran 
swinging  from  the  launch  at  anchor.  The  latter  was  held  by  one  bow  anchor,  re> 
quiring,  at  high  stages^  the  aid  of  the  engine  to  prevent  drifting. 

The  catamaran,  which  was  of  the  usual  construction,  was  connected  with  the 
launch  in  the  following  manner:  The  ends  of  a  rope  were  attached  respectively  to  the 
stem  kevels  of  the  launch,  allowing  a  few  feet  of  slack ;  another  rope  was  similarly 
attached  to  the  outer  bow  kevels  oAhe  catamaran.  The  middle  points  of  these  were 
connected  by  a  third  rope,  of  variable  length,  forming  a  double  Y,  thus: 


> 


The  whole  plant,  consisting  of  the  launch  and  catamaran,  together  with  the  anchor 
rope,  was  free  to  swing  with  the  current.  The  distance  between  the  launch  and  cat- 
amaran was  varied  to  suit  the  requirements  of  the  wind,  and  the  depth  and  velocity 
of  the  water.  It  was  necessary,  with  a  strong  up-stream  or  cross-stream  wind  and  a 
slow  current,  to  bring  the  catamaran  in  close'  proximity  to  the  launch.  The  greatest 
distance  employed  was  about  75  feet. 

The  meter  was  lowered  frt)m  the  back  part  of  the  catamaran.  To  do  this  it  was 
first  clamped  to  a  rod,  let  into  a  leaden  weight  of  60  pounds,  cylindrical  in  shape. 
On  the  upper  part  of  the  rod  was  a  movable  nng  for  attaching  the  lowering  wire. 

The  meter,  thus  clamped  to  the  rod  and  weight,  was  suspended  by  a  No.  11  annealed 
steel  wire,  that  passed  over  a  pulley  at  the  back  of  the  catamaran,  and  thence  around 
a  reel  conveniently  near.  To  overcome,  as  much  as  possible,  the  action  of  the  cur- 
rent in  carrying  the  meter  down  stream,  a  guy-cord  of  ^  inch  cotton  was  attached  to 
the  rod  above  the  meter,  passed  over  a  pulley  at  the  stem  of  the  launch,  and  thence 
around  a  second  reel  on  the  catamaran.  The  meter  was  lowered  or  raised  by  the  simul- 
taneous though  unequal  turns  of  the  two  reels.  The  relative  rates  at  which  the 
two  reels  should  be  turned,  to  send  the  meter  down  vertically,  had  to  be  acquired  ten- 
tatively, rather  than  from  computed  tables,  for  this  relation  varied  with  the  distance 
between  the  launch  and  the  catamaran,  and  also  with  the  velocity  of  the  current. 
The  dexterity  of  the  men  at  the  reels  Increased  with  experience,  the  man  at  the  guy- 
reel  having  nothing  to  guide  him  but  the  tension  on  his  cord.  With  the  greatest  pre- 
cision the  meter  could  not  be  sent  down  on  a  vertical  in  high  stipes  of  the  river,  as 
was  shown  by  the  difference  between  the  down  and  up  integrations.  However,  by 
taking  the  mean  of  these,  there  was  practically  no  error  resulting  from  the  above 
fact. 

The  following  programme  was  carried  out  in  measuring  discharges  with  the  meter : 

The  launch,  with  tne  catamaran  tied  close  astem,  was  run  some  distance  above  the 
discharge  section,  the  distance  out  being  obtained  approximately  by  means  of  signals 
on  shore.  The  desire<l  position  having  been  reached,  the  anchor  was  cast  and  the 
boat  allowed  to  drift  toward  the  discharge  section.  When  sufficiently  near  it,  the 
boat  was  checked  by  fastening  the  anchor  rope  around  a  kevel,  and,  if  necessary, 
starting  the  engine.  The  catamaran  was  now  let  down  to  the  discharge  section,  by 
^means  of  the  connecting  ropes  already  described.  The  sounding  was  taken  while 
'drifting  into  position,  the  lead  being  cast  in  time  for  the  line  to  become  vertical  be- 
fdi-e  the  discharge  section  was  reached.  The  observer  recorded  the  sounding,  and 
measured  the  distance  from  shore  by  means  of  the  telemeter.  He  also  estimated,  by 
guess,  the  direction  and  force  of  the  wind.  The  depth  beine  known,  the  number  of 
turns  of  the  main  lowering  red  required  to  let  the  meter  to  the  bottom  could  be  esti- 
mated approximately.  This  number  was  called  out  by  the  observer,  and  the  men  at 
the  reels  prepared  for  integrating,  by  lowering  the  meter  until  the  buckets  were 
barely  covered  with  water.    At  the  signal  ''time''  from  the  observer,  the  meter  was 
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started  down  at  a  nniform  rate,  not  exceeding  one-balf  foot  per  second,  the  man  at 
the  main  reel  counting  the  turns.  At  the  instant  of  giving  signal  the  observer  noted 
the  watch  time,  and  started  the  electrical  register,  by  turning  on  the  switch. 

When  the  meter  reached  a  point  within  a  few  turns  of  the  bottom,  the  man  at  the 
peel  called  out  "ready."  and  upon  feeling  the  weight  touch,  he  called  "time"  and 
immediately  reversed  his  reel.  When  the  time  signal  was  called,  the  observer  noted 
the  watch  time,  and  read  the  register  without  stopping  it. 

To  obtain  both  the  time  and  the  register  reading  correctly  required  some  skill,  espe- 
eially  during  hi^h  water.  It  can.be  done  by  the  observer  Keeping  in  mind  the  read- 
ing of  ^e  last  dial  only,  from  the  sound  of  the  register,  counting  the  ticks,  one,  half, 
two,  half,  d&c. 

When  time  is  called,  the  seconds  of  the  watch  time,  and:  the  reading  of  the  last  dial 
of  the  register,  can  be  Jotted  down  hastily,  while  the  hour  and  minutes  of  the  time 
and  the  readings  of  the  remaining  dials  of  the  register  can  be  obtained  at  leisure. 
With  a  little  practice  the  nearest  second  of  time  and  the  nearest  half  revolution  of 
the  meter  wheel  can  be  accurately  obtained  by  the  same  observer.  The  meter  was 
returned  to  the  surface  at  the  same  rate  as  that  of  the  descent,  the  man  at  the  reel 
calling  "time"  when  the  starting  point  was  reached.  The  observer  again  read  the 
watch  and  stepped  the  register,  recording  the  readings  of  both. 

If  the  results  of  integration  were  satisfactory,  the  meter  was  now  lowered  for  mid- 
depth  observations.  This  was  done  by  giving  the  main  reel  one-half  the  number  of 
turns  required  to  send  the  meter  to  the  bottom.  The  meter  was  run  at  mid-depth  for 
at  least  five  minutes,  the  register  being  read  at  the  end  of  each  minute.  When  it 
was  xK>98ible  to  hold  the  boats  in  one  position  the  meter  was  run  a  whole  number  of 
minutes  at  mid-depth;  otherwise  it  was  run  as  described  in  the  method  without 
anchoring. 

Great  care  was  exercised  by  the  engineer  and  steersman  to  hold  the  boats  in  one 

S)sitiou  during  the  observation,  using  the  engine  when  necessary  to  assist  the  anchor, 
ven  when  not  needed  the  engine  was  kept  moving  slowly,  except  in  extreme  low 
water,  in  order  to  prevent  the  wheel  of  the  launch  from  retarding  the  current  near 
the  siuface.  In  extreme  low  water  the  engine  could. not  be  run  without  changing 
the  position  of  the  boat. 

The  current  meter, — (2.)  Without  anchoring.— Only  mid-depth  observations  were 
taken  in  this  way,  and  at  times  when  anchoring  was  not  practicable.  The  method 
differs  but  slightly  from  that  given  above.  After  drifting  into  position,  the  sounding 
having  been  taken,  the  launch  was  held  as  nearly  in  one  position  as  was  possible  by 
the  careful  watchfulness  of  the  steersman  and  engineer.  The  meter  being  lowered  to 
mid-depth,  as  estimated  from  the  sounding,  the  catamaran  was  brought  to  the  gaug- 
ing section,  when  the  time  was  noted  and  the  register  started.  The  engineer,  stand- 
ing with  his  hand  on  the  throttle-valve,  was  able  to  keep  the  boat  almost  on  the  same 
range  during  the  observation.  If,  however,  at  the  end  of  five  minutes,  the  catamaran 
should  be  a  little  above  or  below  thn  gauging  section  it  was  brought  into  x>osition, 
vrhen  the  time  was  again  noted  and  the  register  stopped.  The  readings  of  the  latter 
were  taken  and  recoraed  at  the  end  of  each  minute,  and  also  at  the  close  of  the  ob- 
servation. 

The  fact  of  starting  and  stopping  the  meter  register  on  the  same  range  practically 
destroyed  the  effects  of  any  movement  up  and  down  stream  during  the  observation. 
The  errors  due  to  lateral  movement  are  not  so  easily  compensated,  as  the  rate  of  the 
meter  is  accelerated  by  a  movement  in  either  direction.  Such  errors  were  compara- 
tively smaU^  however,  except  in  cases  of  very  high  wind,  when  the  boat  was  liable  to 
shift  its  position  to  a  considerable  extent  in  a  lateral  direction. 

A  set  of  discharge  observations  with  the  meter,  consisted  of  velocities  at  mid-depth 
and  by  integration,  when  anchored,  and  at  mid-depth  when  not  anchored,  at  fh>m  12 
to  15  stations  across  the  river  on  the  gauging  section.  A  sounding  was  taken  at  each 
station ;  as  the  bottom  was  very  even,  this  was  thought  sufficient  to  give  a  correct 
area  of  the  section. 

METERS  AND  METBR-RATINQ. 

The  Ellis  meter  was  employed  exclusively.  During  the  year  Nos.  3,  6,  and  23  were 
used  at  different  periods.  At  times  the  meter  in  use  was  not  in  the  best  of  order, 
owing  to  the  exceeding  delicacy  of  the  instrument  and  the  want  of  a  person  capable 
of  repairing  it.  The  errors  that  might  arise  from  this  source  were  reduced  as  much  as 
possible  by  frecjuent  ratings.  The  same  meter  was  seldom  used  longer  than  two  weeks 
without  receiving  a  thorough  rating,  and  when  thought  advisable  it  was  sent  to  Saint 
Louis  for  repairs.  With  the  greatest  precaution  it  was  impossible  to  keep  the  meter 
in  perfect  order  at  all  times,  and  consequently  the  frictional  quantity  will  be  found 
ratner  large  in  some  of  the  equations. 

Method  of  rating  ike  meter.— The  rating  was  made  in  the  still  water  of  a  pond  about 
4  ff^t  deep.    The  meter  was  attached  to  an  iron  rod  secured  in  a  vertical  position  at 
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the  bow  of  a  skiff,  and  immersed  to  a  depth  of  abont  2^  feet.  The  skiff,  with  the 
meter  thus  attached,  was  drawn  thronffh  the  water  at  a  uniform  velocity  by  a  man 
walking  or  mnninff  witii  even  steps,  holding  a  rope  attached  to  the  bow.  The  time 
and  revolutions  of  the  wheel  were  taken  over  a  distance  of  150  feet  in  most  of  the 
ratings.  A  complete  rating  consisted  of  from  twelve  to  twenty  such  observations,  the 
rate  of  the  skiff  varying  from  three-quarters  of  a  foot  to  10  feet  per  second. 

The  method  of  timing  in  rating  was  as  follows:  When  practicable,  two  ranges  were 
laid  off  at  right  angles  to  the  path  of  the  skiff  and  the  proper  distance  apart.  On 
each  of  these  an  obwrver  was  stationed,  who  called '/  time''  wnen  the  meter  rod  passed 
his  range.  The  register  and  watch  readings  were  liaken  by  the  observer  in  the  skiff 
in  accordance  with  these  signals.  In  many  of  the  ratinj^  this  method  was  not  i>rao- 
ticable,  owine  to  the  irregular  shape  of  the  |>ond.  In  this  case  the  signals  were  given 
on  two  tags  placed  on  the  rope  used  for  drawing  the  skiff,  'Hime"  being  called  as  they 
passed  a  certain  point. 

This  method  was  probably  as  accurate  as  the  former,  as  great  care  was  taken  to 
have  the  rope  stretcned  when  the  signals  were  given. 

The  equations  were  derived  from  the  results  of  rating  by  the  method  of  least 
squares  as  furnished  from  the  office. 

Vertical  velocity  curves.  —  The  observations  for  the  vertical  velooitjr  curves  were 
'  always  taken  at  some  one  of  the  discharge  stations,  and  in  connection  with  that  work. 
After  completing  the  mid -depth  observations  at  a  station,  when  it  was  desired  to 
take  a  vertical  curve,  the  meter  was  immersed  about  6  inches,  and  an  observation  of 
one  minute  made.  It  was  then  lowered  successively  a  distance  corresponding  to  some 
whole  number  of  turns  of  the  main  lowering  reel,  and  one  minute's  observation  made 
at  each  point.  This  was  kept  up  until  a  point  was  reached  as  near  the  bottom  as 
it  was  practicable  to  run  the  meter.  The  points  in  the  curves  were  usually  taken 
from  3  to  5  feet  apart.  The  distance  was  obtained  in  feet  by  taking  such  a  part  of 
the  sounding,  as  the  number  of  turns  between  points  was  of  the  whole  number  of 
turns  from  the  surface  to  the  bottom.  These  observations  were  made  at  different 
discharge  stations  from  day  to  day,  and  as  these  varied  in  position,  there  is  a  com- 
plete distribution  of  the  curves  across  the  river,  including  all  depths  and  velocities. 

Tranwerse  velocity  curves, — ^The  transverse  velocity  observations  were  made  on  a  range 
located  in  the  first  bend  above  Columbus.  The  range  was  above  the  large  eddy  on 
the  Kentucky  shore,  but  entered  slackwater  on  that  side,  at  high  stages  of  the  river. 
The  observations  were  made  with  the  meter,  run  in  front  of  the  launch,  not  at 
anchor,  but  held  in  position  with  steam.    The  method  was  as  follows : 

The  meter,  being  clamped  to  its  rod  and  weight  as  previously  described,  was  sub- 

rmded  by  a  wire  that  passed  over  a  pulley  in  the  end  of  a  beam  that  projected  about 
feet  in  front  of  the  bow  of  the  launch.  The  wire  passed  thence  around  a  reel  on 
the  launch,  by  means  of  which  the  meter  was  raised  and  lowered.  The  launch,  with 
the  meter  thus  arrange,  was  steamed  above  the  range  some  distance,  when  the 
engine  was  checked  and  the  meter  lowered  to  a  position  about  6  feet  below  the  sur- 
fam.  The  launch  was  now  allowed  to  drop  slowly  to  line.  When  the  flagman,  who 
was  stationed  in  the  bow,  reached  the  range,  he  caUed  ''time."  The  register  was 
then  started  and  the  watch  time  noted;  at  the  same  time  the  speed  of  the  engine 
was  increased  sufficiently  to  hold  the  boat  on  range.  After  a  run  of  about  three 
minutes,  during  which  time  the  boat  was  held  as  nearly  in  one  position  as  practicable 
without  anchoring,  the  flagman  was  again  brought  to  range.  He  called  ''  time,"  and 
the  register  was  stopped,  and  its  reading,  with  that  of  the  watch,  taken  and  recorded. 
The  position  of  the  launch  was  located  by  a  transitman  on  shore,  who  took  his  angles 
on  the  flagman  at  the  drop  of  the  flag.  His  instrument  was  stationed  at  the  end  of 
a  540  foot  base,  laid  off  at  right  angles  to  the  range.  After  and  including  September 
11th  the  angles  were  taken  with  a  goniometer. 

A  set  of  transverse  velocity  observations  consisted  of  velocities  obtained  as  above 
at  from  30  to  35  points  distributed  at  equal  intervals  across  the  river.  Soundings 
were  also  taken  at  each  station,  as  the  launch  drifted  across  the  range,  and  the  shore 
lines  were  located  in  each  set  of  observations. 

Longitudinal  soundings, — ^The  longitudinal  soundings  were  made  over  a  reach  of  500 
feet,  extending  250  feet  above  and  below  the  gauging  section.  A  set  of  observations 
consiBted  of  fh>m  12  to  15  lines  of  soundings,  made  firom  a  floating  skiff*  in  the  fol- 
lowing manner : 

The  skiff  having  been  set  adrift  some  distance  above  the  upper  range  of  the  reach, 
the  leadsman  took  his  position  in  the  bow,  and  cast  his  lead  m  time  for  the  line  to 
become  vertical  before  reaching  the  range.  As  soon  as  ''time  "  was  called  by  the  flag- 
man, he  commenced  sounding  at  as  short  intervals  as  was  desired,  raising  and  lower- 
ing his  lead  as  much  as  was  required  by  the  irregular  contour  of  the  bed  of  the  river. 
Whenever  in  his  judgment  the  skiff  was  drifting  too  fast  or  too  slow  for  the  lead-line 
to  maintain  its  vertical  position, he  called  out  to  the  boatman  to  "hold  up"  or  "  back," 
saying  "all  right"  when  the  boat  was  bronght  to  the  proper  position.  The  sound- 
ings were  recorded  by  an  observer  in  the  stem  of  the  SKiff',  who  also  noted  the  time 
of  crossing  the  ranges. 
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Tlie  akiff  was  located  by  a  transitman  on  ahore,  at  4  points  in  ite  path :  on  the  upper 
and  lower  ranges,  and  on  two  ranges  200  and  300  feet  respectively  from  the  upper 
range.  By  means  of  back  and  front  signals  on  each  of  the  ranges^  the  flagman  sig- 
naled to  the  observer  at  the  transit  when  the  skiff  was  on  line.  The  angle  was  taken 
on  the  flagman,  who  sat  near  the  leadsman.  From  50  to  150  sonndings  were  taken 
on  each  line  of  500  feet ;  sometimes  the  number  was  even  greater  in  very  low  water. 
Previous  to  receiving  the  transit,  March  1,  the  boat  was  located  in  only  one  point  of 
its  path,  midway  between  the  second  and  third  ranges,  by  means  of  the  telemeter. 
Aflier  and  including  September  6  the  angles  were  taken  with  a  goniometer,  from  the 
station  previously  occupied  by  the  transit. 

Craaa-aeeHan  §(nmdmgs. — ^Frequent  soundings  were  made  of  a  section,  located  in 
Beckwith's  Bend,  12  miles  below  Columbus,  for  the  purpose  of  determining  the 
amount  of  scour  or  All  in  sharp  bends,  corresponding  to  certain  changes  in  the  gauge. 
The  soundings  were  all  taken  while  drifting,  either  from  the  launch  or  a  skiff.  Prom 
GO  to  75  soundings  were  made  at  a  time,  distributed  at  equal  intervals  across  the  river. 
They  were  located  by  a  transitman  on  shore,  stationed  at  the  end  of  a  600-foot  base. 
The  angles  were  taken  on  a  flagman,  stationed  near  the  leadsman.  There  was  also  a 
flagnian  on  shore  to  give  range.  After  the  transit  was  taken  away  in  August,  the 
goniometer  was  used  for  taking  the  angles.  It  was  stationed  on  a  new  base  line  of 
1,020  feet  in  length.  In  order  to  ascertain  the  character  of  the  fill,  specimens  of  the 
bottom  were  taken  at  each  sounding  by  means  of  a  soaped  lead. 

INSTRUMENTS  CONSTBUCTED. 

T^emOer. — ^Previous  to  March  1  no  transit,  sextant,  or  level  had  been  furnished 
the  party.  It  was  therefore  necessary  to  contrive  some  means  by  which  observation 
stations  could  be  located.  This  necessity  gave  rise  to  the  construction  and  use  of 
what  has  been  denominated  the  telemeter.  It  consisted  of  a  wooden  box,  having 
two  of  its  faces  parallel  trapezoids,  two  of  them  inclined  rectangles,  the  remaining 
two,  ih#ends,  being  parallel  rectangles.  The  inside  dimensions  were  about  as  fol- 
lows: length,  2  feet;  cross-section  at  the  smaller  end,  2  by  3  inches;  cross-section  at 
the  larger  end,  2  by  10  inches.  At  the  smaller  end  of  the  box  was  an  eye-piece,  which 
consisted  of  a  cylindrical  block  of  wood  with  a  small  aperture  or  peep-hole. 

In  the  larger  end  was  a  longitudinal  opening  the  full  width  of  the  box  and  about 
f  inch  in  width.  It  occupied  the  middle  line  of  the  end  of  the  box,  and  through  it 
distant  objects  could  be  seen  by  looking  through  the  eye-piece.  Inside  the  box  was 
»  sliding  reticule  that  contained  a  pair  of  fine  parallel  wires.  It  was  arranged  to 
slide  along  the  central  line  of  the  inclosed  space  and  from  one  end  to  the  other.  On 
top  of  the  reticule  was  an  upright  post  that  moved  in  an  opening  in  the  upper  face  of 
the  box,  and  terminated  in  a  rectangular  block  of  wood  that  moved  along  on  top  of 
Uie  box.  This  was  used  as  a  vernier  piece.  The  top  of  the  box  was  graduated  so 
that  by  means  of  the  vernier  Ihe  instrument  could  be  read  to  single  feet.  The  grad- 
uation was  made  in  the  following  manner :  Two  signals  were  erected  at  a  distance  of 
50  feet  apart.  The  distance  was  arbitrarily  chosen  as  the  most  convenient.  From 
the  middle  point  of  the  line  joining  the  signals  a  perpendicular  was  laid  off.  On  this 
two  points  were  located,  one  400  feet  and  th^  other  1,200  feet  distant.  At  each  of 
the  points  there  was  made  a  series  of  observations  to  determine  the  exact  location  of 
the  400  and  1,200  foot  marks  of  the  graduation  on  top  of  the  box.  In  each  of  these 
observations  the  box  was  held  so  that  the  signals  could  be  seen  when  looking  through 
the  peep-hole  with  the  eye  conveniently  near  it.  The  reticule  was  then  moved,  if 
necessary,  by  taking  hold  of  the  vernier  piece  on  top,  until  the  wires  were  brought, 
respectively,  in  line  with  the  signals.  The  position  of  the  zero  of  the  vernier  was 
then  marked  on  the  box. 

The  mean  of  all  the  observations  made  in  this  way  was  taken  as  the  mark  of  grad- 
oation  sought.  Having  found  the  400  and  the  1,200-foot  marks,  the  remaining  nun- 
dred-foot  marks  were  obtained  by  dividing  the  space  into  8  equal  parts.  Each  of  these 
spaces  was  subdivided  into  10  equal  parts  for  tne  10-foot  marks. 

The  graduation  for  distances  less  than  400  feet,  and  greater  than  1,200  feet,  was 
made  by  actual  measurement  with  a  scale,  the  spaces  being  proportional  to  the  dis- 
tances. In  order  to  use  the  telemeter  in  measuring  distances  on  the  river,  signals 
were  put  up  on  both  shores,  at  a  distance  of  50  feet  apart.  Back  signals  were  erected 
BO  that  the  observer  could  tell  when  he  was  midway  between  the  ranges,  that  being 
necessary  to  perfect  accuracy.  A  slight  deviation  either  way  made  no  appreciable 
error  in  long  distances.  To  measure  a  distance,  the  observer  brought  the  box  to  a 
horizontal  position,  the  wires  then  being  vertical.  Placing  his  eye  at  the  peep-hole, 
be  swung  the  box,  if  necessary,  until  the  signals  came  into  the  field  of  view.  He 
then  moved  the  sliding  vernier  on  top  of  the  box,  until  the  wires  were  brought  in 
line  respectively  with  the  signals.  Being  careful  not  to  move  the  vernier,  he  lowered 
the  box  sufficiently  to  read  the  distance.  The  instrument  was  not  capable  of  measur- 
ing distances  greater  than  about  1,600  feet  with  accuracy.  For  this  reason,  signals 
were  placed  on  both  shores  and  measurements  made  each  way.  The  accuracy  with 
which  distances  could  be  measured  with  the  telemeter,  depended  upon  the  stability 
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of  the  observei's position,  and  the  consequent  nicety  with  which  the  wires  conld  be 
brought  into  line  with  the  signals.  In  windy  weather  this  was  somewhat  difficulty 
but  p^eat  skill  was  acquired  by  practice,  and  a  Tery  close  approximation  could  be 
obtamed  at  all  times.  Much  greater  accuracy  could  be  obtained  on  land,  when  a  stable 
rest  could  be  had.  and  it  was  possible  to  measure  distances  accurately  to  within  3  feet. 

GofitofiMter.— Tnis  was  a  phme  table  with  a  revolving  alidade,  and  was  arranged  for 
centering  by  means  of  a  plumb-bob  attached  beneath  the  point  of  revolution.  This 
point  was  taken  as  the  center  of  an  arc  described  on  the  table  with  a  radius  of  25 
inches.  Angles  were  taken  with  the  goniometer  by  measuring  the  chords  of  the  in- 
cluded arcs.  The  angle  corresponding  to  a  measured  chord  was  taken  from  Gilleepie'B 
tables.  Any  point  in  the  aro  could  be  taken  for  the  zero  point,  and  the  chords  meas- 
ured from  it.  This  was  a  matter  of  great  convenience  in  setting  up  the  instrument. 
To  measure  an  angle  on  a  moving  obTect,  the  eye  was  brought  to  the  peep-sight  and 
the  alidade  revolved  so  as  to  keep  the  vertical  wire  in  line  with  the  object.  When 
the  signal  was  given,  the  motion  was  stopped,  and  the  intersection  of  the  hue  of  sight 
with  the  arc  marked  with  a  well  sharpened  pencil.  The  chord  was  then  measured 
with  a  triangular  scale.  If  the  chord  was  too  long  for  the  scale,  the  included  are  was 
divided  into  two  or  more  parts,  and  the  sum  of  the  corresponding  angles  taken.  This 
prevented  the  use  of  a  ruler  being  necessary.  Under  favorable  conditions  a  tolerably 
close  degree  of  approximation  could  be  attained  with  the  goniometer. 

Eemarka, — On  the  11th  of  October  instructions  were  received  to  turn  over  to  my 
recorder,  J.  H.  Field,  all  instructions  and  engineering  property,  and  report  at  Saint 
Louis  at  the  earliest  convenience  for  other  duties.  The  remainder  of  the  observations, 
which  were  continued  tiU  November  25th,  were  in  charge  of  Mr.  Field,  who  for  some 
time  previous  had  conducted  the  field-work  of  the  discharge  observations. 

After  the  meter  came  into  constant  use  in  March  the  field-work  did  not  require  the 
full  attention  of  both  assistant  and  recorder.  After  that  date  a  large  part  of  the 
assistant's  time  was  occupied  in  computing  discharges  and  doing  other  office  work. 
At  the  time  of  leaving  the  work  the  discharges  had  been  computed  up  to  dtfte,  with 
the  exception  of  about  8  weeks.  The  remainder  of  the  computations  were  made  in 
the  office  under  your  immediate  supervision.  At  the  time  of  leaving  the  work  none 
of  the  notes  in  connection  with  velocity  curves  and  cross-section  and  longitudinal 
soundings  had  been  reduced,  excepting  one  set  of  longitudinal  soundings,  which  bad 
been  plotted  and  a  tracing  made. 

The  success  of  the  work  depended  largely  upon  the  ability  to  make  the  best  use  of 
the  means  at  hand  for  accomplishing  a  particular  purpose.  The  more  inadequate  the 
means,  the  greater  the  dexterity  of  judgment  required. 

The  most  perplexing  problems  often  presented  themselves,  inasmuch  as  the  ma^- 
tude  of  the  work  was  probably  underestimated  in  the  outset.  The  greatest  exertion 
was  made  to  obtain  the  best  results  possible  with  the  methods  employed.  Much  de- 
pended upon  the  individual  members  of  the  party,  wbo,  with  few  exceptions,  were 
always  prompt  and  true  to  duty.  They  were  J.  H.  Field,  recorder :  II.  A.  Wilson, 
steersman ;  W.  J.  Wilder,  engineer ;  John  Y.  Bandy,  A.  J.  Wilder,  and  John  Q.  Hamil- 
ton, boatmen. 

Respectfully  submitted. 

J.  H.  Dayib, 

A$9i9iaiU  JSmgineer, 

First  Lieut.  Smith  S.  Lbach, 

Secretary  MiuiMippi  Biver  Commisnon, 

Discharge  OhBcrvaUonSf  Columbus,  Ky, 

The  discharge  computations  for  this  station  were  made  in  the  field,  and  by  the  fol- 
lowing method,  viz:  The  cross-sections  and  positions  of  velocity  observations  were 
plotted  on  cross-section  paper,  the  cross- sections  divided  into  partial  sections  and  their 
areas  determined  by  counting  the  squares. 

The  meter  velocities  were  determined  by  ratings  frequently  taken. 

Rod  float  velooUies  were  reduced  by  Francis'  formula.  Many  of  the  abrupt  changes 
in  area  are  probably  due  to  change  in  method  of  taking  observations;  a  change  in 
method  usually  resulting  in  a  marked  change  in  the  number  and  position  of  the  cross- 
section  soondines,  and  often  in  the  values  of  the  soundings  themselves.  The  largest 
number  of  soundings  were  taken  in  rod-float  observations. 

The  gauge  readings  on  ''discharge  days''  are  mean  readings  for  the  time  occupied  in 
taking  observations.  On  ''no  discharge  days"  the  noon  reading  is  recorded;  noon 
being  about  the  mean  time  of  field  observations. 

Datum  plane  was  taken  at  a  gauge  reading  of  102.627  feet. 

Datum  width,  2,694  feet. 

Datum  area  191,880  square  feet,  as  observed  on  February  28. 

Datum  areas  for  other  days  were  determined  by  successively  adding  and  subtraoting 
scours  and  fills. 

ifean  depth  was  determined  by  dividing  water  area  by  water  width,  and  datum  depth 
by  a  similar  process. 
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Offigb  Mississippi  Rivrr  CoMMissioir, 

Saint  Louis,  Mo.,  Julg  16,  1883. 

Sir:  In  accordance  with  your  letter  of  April  26  inclosinc  a  cony  of  a  letter  from  the 
president  of  the  River  Commission,  I  have  the  honor  to  suomit  the  following  report  as 
an  appendix  to  my  report  on  the  Columbus  observations : 

The  information  requested  was  an  opinion  as  to  the  relative  accuracy,  reliabililty, 
and  economy  of  the  methods  of  gauging  by  double  floats,  by  a  vertical  rod,  and  by  a 
meter,  with  suggestions  as  to  improvements  in  the  methods  used. 

lielative  accuracy. — This  part  of  the  subject  will  be  considered  bv  first  pointing  out 
some  of  the  sources  of  inaccuracy  in  the  different  methods,  and  then  dxawing  some 
conclusions  as  to  the  adaptability  of  each  to  certain  conditions. 

I.  Method  by  double  floats.  There  are  two  probable  sources  of  error  in  this  method: 
first,  the  necessity  of  assuming  the  mean  velocity  in  a  vertical  plane  at  some  fixed 
depth,  corrected,  perhaps,  by  some  given  formula:  and, second,  the  possible  inability 
to  measure  the  velocity  correctly  at  the  assumed  depth. 

(1)  By  an  examination  of  observations  made  on  velocities  in  a  vertical  plane,  it  is 
found  that  there  is  no  fixed  relation  between  the  velocities  at  different  depths.  This 
is  especially  the  case  in  silt-bearing  streams,  such  as  the  Lower  Mississippi,  where  the 
conditions  are  so  numerous  and  unstable.  Ajay  method  of  determining  a  mean  velocity 
in  a  vertical  plane  must  therefore  provide  for  measuring  it  in  a  great  number  of  points 
in  that  plane,  if  perfect  accuracv  be  desired.  The  double-float  method,  which  provides 
for  measuring  the  velocity  in  but  one  point  in  the  vertical,  can  lay  little  claim  to 
accuracy,  when  viewed  from  a  theoretical  standpoint.  It  is  believed  that  the  results, 
if  closely  examined,  will  also  fall  behind  when  viewed  from  a  practical  standpoint. 
The  experiments  made  with  the  meter,  in  determining  vertical  curves,  will,  when 
reduced,  furnish  additional  information  on  this  subject.  It  is  believed  that  tbey  will 
show  material  variations  from  day  to  day  in  the  relative  velocities  in  a  vertical  plane, 
especially  where  bottom  changes  are  going  on.  If  so,  no  method  can  be  relied  on  for 
perfect  accuracy  that  takes  into  account  only  a  small  part  of  the  vertical  section. 

(2)  Th«*re  is  also  some  doubt  as  to  the  accuracy  with  which  a  velocity  at  auy  par- 
ticular depth  can  be  measured  by  the  double-float  method.  During  the  observations 
made  at  1  ulton,  Tenn.,  by  Assistant  W.  H.  Powless,  it  was  my  duty  for  several  months 
to  give  personal  attention  to  the  manipulation  of  the  floats,  it  gave  an  excellent 
opportunity  for  observiuff  their  movements  in  water.  I  was  led  to  believe  that  at 
times  the  surface  and  snocurface  parts  were  acted  upon  by  almost  opposite  forces. 
At  times  the  surface  float  would  be  suddenly  drawn  to  right  or  left,  in  which  case  it 
would  be  considerably  inclined  and  partially  immersed.  Sometimes  it  would  incline 
backward  or  forward.  In  each  of  these  cases  the  surface  float  had  a  x>owerful  influ- 
ence in  retarding  or  accelerating  the  sub-float,  the  velocity  of  the  former  not  repre- 
senting the  correct  velocity  of  the  water  in  the  vicinity  of  the  latter.  The  above 
indications  were  frequently  noticeable  in  high  water.  Sometimes  also  in  high  water 
the  subfloat  was  apparently  held  up,  the  assumed  immersion  not  being  reached. 
This  was  shown  by  the  fact  that  several  feet  of  wire  were  sometimes  taken  in  before 
there  was  any  appreciable  weight  of  the  subfloat.  By  an  examination  of  the  vertical 
velocity  observations  at  Fulton,  Tenn.,  it  will  be  found  that  in  the  sets  in  which  two 
or  more  floats  were  run  at  the  same  depth  the  velocities  differ  from  1  to  15  per  cent. 

In  these  observations  the  boat  was  anchored,  and  the  floats  all  started  from  the 
same  point,  their  paths  varying  but  slightly  across  the  ranges.  The  Fulton  observa- 
tions have  been  selected,  inasmuch  as  they  are  probably  the  best  that  have  been  made 
with  double  floats  on  the  Mississippi  River 

II.  Method  by  rod-floats.  Within  certain  limits  of  depth  the  vertical  rod  is  well 
adapted  to  measuring  the  mean  velocity  accurately,  being  acted  upon  by  the  whole 
body  of  water  in  a  vertical  plane.  Where  the  float  can  be  run  of  sufficient  length  to 
nearly  touch  bottom,  there  is  but  a  small  source  of  error  due  to  the  corrections  to  be 
made.  Where  due  care  is  taken  in  the  manipulation,  allowing  full  time  for  the  float 
to  acquire  a  uniform  movement  and  erect  position  before  entering  upon  its  measured 
path,  little  variation  should  be  expected  from  a  series  of  observations  in  the  same 
plane.  A  very  small  per  cent,  of  variation  was  found  in  the  observations  made  with 
the  plant  at  Grafton,  111.,  where  six  rods  of  the  same  length  were  run  from  each  sta- 
tion.   As  to  the  two  methods  of  locating  iustrumentally,  and  obtaining  the  length  of 

Sath  by  the  plant,  used  on  the  Upper  Mississippi,  the  latter  is  preferable  where  the 
eptb  does  not  exceed  about  25  feet ;  beyond  that  depth  there  is  difficulty  in  putting 
out  the  float  so  as  t-o  acquire  its  equilibrium  before  entering  upou  the  measurcnl  path. 
A  rod-float  of  more  than  35  or  40  feet  in  length  can  not  be  handled  successinlly. 
Hence  for  river  depths  greater  than  about  40  feet,  the  method  loses  in  accuracv. 
The  same  objection  theli  comes  in  that  has  been  presented  in  connection  with  double 
floats,  viz.,  that  only  a  part  of  the  vertical  velocity  section  is  measured. 

III.  Method  by  the  current  meter.  There  is  a  good  deal  of  room  for  improvement 
in  the  current  meter  for  effective  work  on  the  Lower  Mississippi.  Some  improvement 
has  no  doubt  been  made  recently  in  this  direction.    My  experience  is  confined  to  the 
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Ellis  meter.  The  chief  objection  to  the  method  m  used  by  me  rests  with  the  instm- 
ment  itself.  The  objection  presented  to  the  rod-float  and  the  double-float  methods 
does  not  find  a  place  in  the  method  with  the  meter.  It  is  posbible  to  obtain  resnlts 
at  all  dept^8  in  a  Teitical  plane  within  reasonable  limits.  The  only  question  that 
remains  is  the  accuracy  witn  which  a  velocity  can  be  measured  at  any  particular 
depth.  Under  certain  conditions  great  accuracy  may  be  attained  with  the  Ellis  meter. 
In  a  clear  stream,  of  not  too  great  velocity  or  depth^  the  meter,  having  been  carefully 
adjusted  and  rated,  will  do  accurate  work,  and  will  continue  to  so  long  as  the  fric- 
tion remains  constant.  It  is  easily  handled,  with  suitable  plant,  and  can  be  relied 
on.  But  in  such  a  stream  as  the  Mississippi,  at  high  water,  with  its  great  depth  and 
velocity,  its  silt  and  floating  material,  the  instrument  is  entirely  unsuited  to  the  work. 
That  a  const<ant  friction  cannot  be  maintained  under  such  conditions  can  hardly  admit 
of  a  doubt  to  any  one  who  has  had  an  extended  experience.  There  is  nothing  to  pre- 
vent the  journal-box  from  catching  fine  particles  of  sand,  that  not  only  increase  the 
friction  at  the  time,  but  produce  a  constant  wearing  effect  that  results  in  a  perma- 
nent increase  of  friction.  The  mercury  contact,  as  used  at  Columbus,  is  another 
source  of  variable  friction,  on  account  of  certain  parts  of  it  that  catch  the  sediment,  a 
slight  binding  efiect  being  the  result.  This  change  of  friction  can  be  detected  by 
holding  the  instrument  in  the  wind  at  frequent  intervalsduringaset  of  observations. 
The  velocity  of  wind  required  to  turn  the  wheel  will  be  found  to  vary  materially.  A 
thorough  cleansioff  will  often  remove  the  difiQcultv  temporarily.  These  diflereuces  of 
friction  are  not  to  i>e  found  in  the  ec^uations,  as  the  meter  was  always  rated  in  clear 
water.  The  Ellis  meter  is  very  delicate,  and  is  subject  to  be  entirely  destroyed  bv 
floating  logs.  From  my  experience  I  think  it  possible  to  construct  a  meter  that  will 
be  free  from  most  of  the  imperfections  mentioned. 

There  is  a  considerable  source  of  error  in  using  any  meter  without  anchoring.  This 
is  especially  the  case  in  windy  weather,  when  it  is  impossible  to  avoid  lateral  move- 
ment. The  rate  of  the  meter  is  increased  by  a  movement  in  either  direction  ;  hence 
there  is  no  wav  of  compensation.  This  error  is  likely  to  be  considerable  with  a 
strong  wind  and  slow  current.  For  instance,  a  movement  of  a  hundred  feet  would 
not  be  unreasonable,  with  a  brisk  wind,  during  a  five-minute  observation.  That 
would  correspond  to  about  twenty-five  revolutions  of  the  meter- wheel,  an  average  of 
five  revolutions  per  minute.  If  the  meter  should  make  but  thirty  revolutions  per 
minnte,  not  an  unreasonable  supposition,  the  error  would  be  20  per  cent.  Such  errors 
might  be  practically  avoided  by  locating  the  position  of  the  uoat  as  frequently  as 
possible,  and  correcting  the  velocities  accordingly.  The  error  from  this  source  dimin- 
ishes as  the  velocity  increases. 

ConduMont, — Of  the  three  methods,  the  double  fioat  is  considered  the  least  accurate, 
but  capable  of  producing  fair  results  in  a  stream  of  eveu  banks  and  bed.  In  a  clear 
stream  of  limited  depth,  the  methods  by  rod-floats  and  meter  are,  perhaps,  equally 
accurate ;  when  sediment  is  contained  in  any  considerable  quantity,  the  former  oY 
these  is  preferable.  At  high-water  stages  on  the  Lower  Mississippi  none  of  the 
methods  can  be  relied  on  for  perfect  accuracy.  In  extreme  high  water  rod-floats  are 
considered  preferable  to  the  f^llis  meter.  I  have  no  doubt  but  that  a  meter  may  be 
so  constructed  and  manipulated  as  to  do  comparatively  accurate  work  at  all  stages 
in  the  Lower  Mississippi. 

RtUabilihf, — As  to  the  reliability,  the  method  by  rod-floats  seems  to  have  the  ad- 
vantage, although  that  with  the  meter  may  be  equally  ^ood  within  limits.  From  the 
facts  already  presented,  the  double-float  method  is  considered  very  unreliable  at  high- 
water  stages,  and  reliable  only  in  a  limited  degree  at  all  stages. 

Eeonomy.—When  an  anchorage,  similar  to  that  employed  on  the  Upper  Mississippi, 
can  be  used,  the  methods  by  rod-float  and  current-meter  are  equally  expensive,  either 
one  being  less  so  than  that  by  double  floats.  Free  rod -floats  and  double  floats,  located 
instrumentally,  are  equally  expensive.  In  high  water,  when  the  use  of  a  launch  is 
necessary,  the  method  by  meter  is  the  cheapest  method  of  all. 

No  suggestions  as  to  improvements  will  be  offered. 

Respectfully  submitted. 

J.  H.  Davis, 
A»9isiant  Engineer, 

First  Lieut.  Smtth  S.  Leach, 

Secretary  Mi$ei»$ippi  Biver  Commieeion. 


3. — At  Hklkna,  Ark.,  F.  A.  Tkaoer,  Assistant  in  Crabov. 

HoTCHKiss,  Tenn.,  June  12, 1883. 
Sir  :  In  reply  to  your  letter  containing  instructions  from  president  of  Commission 
concerning  reports,  &c.,  of  different  methods  of  eaugiog,  I  have  to  say  that  I  did  not 
work  up  my  notes  at  Helena,  so  know  nothing  of  the  results.    During  the  latter  par% 
of  my  stay  there  I  ran  rod-floats  and  the  meter  at  the  same  tim«^. 
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• 
These  observations  show  tmly  the  oomparatiye  aooaraov  of  the  methods.  In 
ranniDg  rods  I  used  the  **  plant '^  from  stem  of  laaoch.  This  can  be  done,  witboat 
loss  of  time,  while  the  meter  observations  are  being  recorded.  The  plant  is  easily 
towed  by  placing  the  buoyed  end  in  a  ski£f.  The  laanch  I  had  at  Helena  was 
admirably  ^apted  to  the  use  of  gauging,  and  I  found  it  perfectly  safe  at  all  times. 
Very  respectfully,  your  obedient  servant, 

P.  A.  Tbaqbr, 

A99i$tant  Engitieer. 
First  Lieut.  SaaTH  8.  Leach, 

Seareiarif  Mi$H$9ippi  Biver  CommiigUm, 

«  DUeharge  ohtervaHoMy  JSTaleno,  Ark, 

The  method  of  computing  discharges  at  Helena^  Ark.,  was  as  follows : 

The  cross-sections  were  plotted  on  cross-section  paper,  and  their  areas  found  by 
counting  squares.  8cale,  4o6  feet  horizontal,  20  feet  vertical,  per  square  or  inch. 

The  posiiUma  ii(f  floats  or  meter  were  plotted  on  the  cross-sections,  and  the  area  divided 
into  partial  areas,  the  dividing  lines  being  placed  so  as  to  give,  as  nearly  as  possible, 
a  unnTorm  depth  to  each  partial  area,  or  so  that  the  depth  at  the  velocity  positions 
riiould  be  about  the  mean  depth  of  the  partial  areas. 

The  mojDimum  velocity  was  usually  found  at  a  depth  considerably  less  than  the  maxi- 
mum. 

The  velocities  determined  wOh  rod-floate  were  corrected  and  reduced  by  Francis's  form* 
ula— 


•'={i-»</-i--»0] 


In  which  v*  =  reduced  velocity,  v  =  observed  velocity,  8  =  sounding,  and  I  =  im- 
mersion of  rod. 

The  meter  ratings  were  applied  as  directed  in  the  field-notes. 

The  datum  plane  was  taken  at  the  highest  gauge  reading,  47.10  feet,  on  March  6. 

The  area  of  March  8  was  taken  as  datum  area,  and  all  others  obtained  by  successively 
adding  and  bubtracting  scours  and  fills. 

Gaugc'readings  are  means  of  readings  taken  at  6  a.  m.,  12  m.,  and  6  p.  m. 

Gauge  same  as  used  by  Major  Benyaurd. 

Mean  depth  obtained  b^  dividing  water  area  by  water  width. 

Mean  datum  depths  obtained  by  dividing  datum  areas  by  datum  width  (=  49. 10  feet). 

Maximum  depth  copi*d  from  cross-section  soundings  in  note-books. 

The  ufidthf  for  dates  on  which  no  measurements  were  made,  were  derived  from  a 
curve  obtained  by  plotting  the  measured  widths  to  gauge. 

Mean  velodtg  obtained  by  dividing  discharge  by  water  area. 

Discharges  marked  ''Obs.  incomplete"  are  nenrly  all  computed  on  cross-sections  of 
an  earlier  or  later  date,  corrected  for  gauge. 

In  some  cases  velocities  were  also  substituted  from  other  dates ;  especially  forpartial 
areas  at  the  ends  of  the  sections  or  **  end  areas." 

The  failure  to  determine  the  width  accurately,  the  lack  of  soundings  near  the  river 
banks  and  on  their  slopes,  and  the  lack  of  velocity  observations  near  the  banks,  an 
■onroes,  in  some  instances,  of  inaccuracy  in  the  results. 
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4.--AT  Hjitb^  liAKDmo,  Miss.,  Hombr  P.  Ritter,  Assistaitt  in  Charos. 

NoTX. — Aasistant  Ritter  has  a  report  in  course  of  preparation,  bat  the  necessity  for 
his  services  in  other  branches  of  work  has  delayed  its  completion. — 8.  8.  L. 

Diacharge  obdervatiana  JSay^  Landing,  Miaa. 

In  filling  oat  the  accompanying  blanks  for  this  station,  the  mean  gauffe,  water 
area,  sooar  and  fill  mean  velocity,  discharge,  direction  of  wind  and  method  were 

copied  from  MS.  ^,  Assistant  H.  P.  Ritter. 
c./. 

Temperatnre  of  the  air  is  the  mean  of  three  readings  taken  each  day  at  6  a.  m.,  12 
m.,  and  6  p.  m.    Copied  from  note-book  890. 

bahtm  was  laken  at  a  gaage  reading  of  38  feet  and  a  surface  width  of  2,770  feet. 

DaUtm  area  for  this  gauge  and  width  was  obtained  from  the  water  area  of  March  15 
by  applying  the  increase  of  area  due  to  the  difference  in  gauge  readings.  This  gives 
for  datum  area  169,015  square  feet. 

Datwn  area  for  January  2  was  next  obtained  by  adding  to  the  water  area  of  this 
date  the  area  obtained  by  multiplying  the  mean  of  datum  surface  width  and  surface 
width  of  January  2,  by  the  difference  between  the  gauge  reading  on  January  2  and 
elevation  of  datum  plane,  i.  e.,  38  feet. 

Datum  area,  as  thus  obtained,  for  January  2=158781. 

Stibaequent  datum  areaa  were  obtained  by  the  successive  addition  or  subtraction  of 
the  scours  and  fills. 

Mean  depth  was  obtained  by  dividing  the  water  area  by  the  water  width. 

Mean  datum  depth  was  obtained  by  cuviding  the  datum  area  by  datum  width. 

Maadmum  depth  was  copied  from  field  notes  No.  b88,  and  is  the  deepest  actual  sound- 
ing taken. 

%«0  for  January  2  was  obtained  by  taking  the  difiference  between  the  gauge  read- 
ing on  January  1  at  12  m.  and  the  mean  gauge  for  January  2. 

Siaearfall  between  any  other  two  consecutive  days  is  obtained  by  taking  the  differ- 
ence of  the  mean  guage  readings  for  those  days. 

i       M=Meter. 

In  column  headed  "method " <       R=Rod  floats. 

(  D.  F=Double  floats. 

The  manner  of  computing  partial  areas,  the  manner  of  dividing  the  section  into 
partial  areas,  and  of  distributing  velocities,  is  as  follows: 

Commencing  at  the  shore  line,  the  notes  read  thus— 

fl 
-f50 
Station <2 

-f50 
U 
&c. 
The  stations  marked  1,  2,  3,  &c.,  are  meter  stations,  while  at  the  other  stations 
soundings  only  were  taken.    The  first  partial  area  is  from  1  to  2-|-50,  the  velocity  for 
this  partial  area  being  observed  at  2. 

The  second  partial  area  is  from  2-f-50  to  3+50,  the  velocity  for  this  partial  area  being 
observed  at  3;  and  so  on. 


l%e  peartial  areaa  were  computed  from  the  recorded  soundings. 

Sam  of  partial  area  =  total  area.  Partial  area  multiplied  by  its  velocity  =  partial 
discharge. 

Sum  of  partial  discharees  =  total  discharge. 

Total  discharge  divided  by  total  area  =  mean  velocity. 

8eomr  or  Jill  is  the  diflerence  between  the  water  area  as  observed,  and  that  as  eom- 
poted  from  the  change  of  gangs. 


2628   REPORT  OF  THE  CHIEF  OF  EKQINEESS,  U.  S.  ARMY. 


I 


1 

1 

1 

jri  i  i  i  j  j  1  i  i  j 

j  j  M  j  N  j  JM  j  (4  i4   j  i 

j  Um  \ 

H 

1 

o  ;  •  1  :  :  :  i  1  1  1  1 

i 

o  ::::::::::: 

19 

•o  1  J  I  ;  •  •  j  •  j 

NiMimBiap  ii 

H 

iPIIIIIIIII 

;  1 ; ; !  i ; ;  ;§  i  i  §  ; ; 

I  ii§§ ; 

m 

JSinilnm 

M  i  i  i  i  i  !  ii  i  §  i  !  i 

:  i  i  :  :  i  :  ;  i'^  :  -^  «    |  j 

i  ii§2 ; 

8 

iiiiiinnii 

:  i  •  :  :  i  :  •  isf  :  -^       i  i 
:  i  i  i  :  •  i  :  i^i  '    +  i  i 

;  ig§§  i 

1 

mmm 

i  i  i  i  M  i  i  ig  i  g  2  i  i 

^ 
^ 

i 

u 

immi 

i  i  1  i  i  i  i !  1*  i  3^  ^  W 

i  i^^^  ■ 

liiniMmi 

i  !  i  i  i  :  i  i  i^  i  ^  *  i  i 

i  i^^^ ! 

1 

SisHiMMii 

i  !  i  i  i  i  i  i  ^^  i  s  ^  i  i 

j  isssif  j 

1 

|e 

i  i  i  i :  i  i  i  i?  i  i  i  i  i 
i  i  j  i  i  i  1  i  is  i  f  f  l\ 

i  i§§g  i 
:  is'gf : 

1 

«■  jS  j  :  i  :  :  j  i  :  j 

iiiil-iiiisisi  ii 

N ii M ii r i -  -  n 

;  i§§§ ; 
i  liii  i 

1 

Ifflll 

1  itt^^^^t^ 

it 

1 

1 

sr""'-"" 

SSSSS&SSS^SSSSSaSKS! 

APPENDIX   T  T — ^BEPORT  OF  MI8SIBSIPPI  BIYER  COBfMISSION.      2629 


jjrf 

ii  !iii::i:    ill        iiiii: 
j  :i44  :  i  I  j  :i4  i  :  \Mft  \\ll\\fM 
i  :  Pf  j  i  j  ::    :i  :         i  -j  Ji  i 

:  1(4  i  ipi  i  :  ;pi«i»4>i»i  j  :»<  :  li^^i  j  j  j 

!!!!!!!!!i!!SSSS«!!S!!SS! 

5  to 

ill  Hill  11^  IIMl 

!  :  i®®  iiiii®::   ®^o  i  !  1^  i  i®® 

!|i|l|||    l|ll    III 

lis 
11^ 

i  i  !3i ;  i  i  i  ii ; :  isgs  i  i  i  i  i  iii 

:  :  J   r^  I  :  :  I  1     :  :  jr^       :•:::: 

i  i§  i  is  i  i  mu^  i  is  i  is§  i  i  1 
Hfjiir|ji^^l(r|i$||lfi|i 

i  i  iss  i  I  i !  !g  M  ;§§§ :  i  i  i  i  :Si 

:  :  i*^^  :  :  :  :  :'<f  :  :  •^"^•'f  :  :  :  :  :  i*^*^ 

i  is  iig  i  i  ilSigs  i  ij  i  iii  i  i  i 

'  i  :*^  i  i*^  :  :  :'<f«fxf<o«f  •  l*^  I  l^*^  •  j  j 

:     Ir^ 

i  i  iSS  i  ig  i  is  i  mu  i  i  ii  i  iiS 

:  :  :^    :  :«c  :  :r^- :  :   e^t^rf :  :  :«- :  :|f.j 
i  :  :++:  :i  :  :+:  i  l  +  i+j  j  ji  j  j***' 

i  i§  i  is  i  i  iiiigs  j  iigiss  i  i  i 

• :  trf  :  :^  :  :  :   ef-j-w-    :  ;    .  .  .h-    :  :  : 

:  :  * 

:  i*' 

i  i  igg !  !g !  ig  i  igggg  i  Mg  i  ;gg 

1   ;   \efcf  ;    ;€*  ;    jof  j   \efc€efcf  i   •   je^"  ;    je^H 

i  ig  i  ig  i  i  iggggg  i  iigggg  i  i  i 

' :  i^  :  i^  i  :  :«re^«^«^«f  j  iefefe^efcc  •  <  | 

I  it- 

;  :  :o^  :  :©  ^  :«  :  Ioai-im  ;  :  r©  :  ^o© 

i  j  :**  ii*  i  M 1  i^^^^  i  n*  i  i^* 

:  :  :^<«>  :  '^  :  ''qq  :  :ooaoao«H  :  :  :o  :  :ekee 

:  :  ^oi"  :  ;<i#  :  :o  r  :^e«e9<o  s  :  :»  :  :r-«i 

!  :^  :  :»  s  :  '>-^tooom  •  •^oo'^tofo  :  :  s 

i  i  i§i  i  i§  i  i^  i  iiS§§  i  i  is  i  ilS 

i  is  i  i§  i  i  ;i§il«  i  islgi§  i  i  i 

lis 

i  i  is§  i  1  i  is  i  igggs  i  i  ig  i  i§§ 

i  i§  i  i§  i  i  ;§!§§§  i  iissgs  i  i  i 

•^^t^o»*»s^f^^:!i^:^^^?i^^ssi;i^^^9^^'^^'o^^*<>^^ac^s;i!i^:^^^^^^U9^}^nii 


2680   BEPOBT  OF  THE  CHIEF  OF  ENGIMEEBS,  V.  S.  ABMT. 


M^ii 


M 


pj^i^i^ 


I 

I 


I 


I 


I 


i 


o^oc 


m 


II 


I 


33§f 


§¥ 


iig 


m 


Sill 


§§§S 


IBS 


+  1+1 


44t 


+  1  +  1 


l  +  l 


++I 


I 


I 


I 


II 


hi 


J 


II 


|S| 


I 


ill 

efcfef 


i^t 


Hit 


m 


888S 


SSS 


8^8S 


ceooM 


iiii 


tfttti 


OtHM 


m 


Is3 


BkBM 


9dooc>oodc>c>c>c>c>c»c»0(. 
I  I   I  M  i  +  I  I  I  I  I  I  I  I  I  M 


•^c»c>ddeide>dddc>e>e>dc>c>dc»dc>dddc>dddc>c>c>c>c>c»c»ddc> 


I 


.aasa'^«"'*->«^*«sass;5SS5sa8a«8aa8fc8a8'^«'* 


«a 


* 


APPENDIX   T  T — ^REPOBT  OF  KI88I8SIPPI  filVSB  COIOOSSION.      2631 


p4«)  j  j  Ititiriii  \ 

1^  j^  jp^pl  1  j  \(^M  \  \!M  hM 

hiii  hii  \  \  hi 

ani 

N 

!4!4»<j 

i  :  :  i  :  :  :  i  i  :  i  :  i  :  :  i  i  :  i  :  : 

i  i  i  i  i  ii  1  i* 

SS  i 

ie 

3S8  i 

Ml  IJlMn^Wf 
L  koP  \  \  iSoP  1  lap  ibp  i 

1     i^iii^ 

iSa  ips  1  i  -p 

ppi 

iP 

PPoi 

is"  il  ill  i  i  'mi  i  iif  if  ^  i 

III        III           1  1        \^^  1 

is!  m  i  i  i§ 
ii¥  if  1  i  i  :l 

:^^  '.^^  1  1  : 

it  I 

^  1 

iP 
il 

iSSi 

4,988 
6,028 

'*4,*888' 
6,037 
6.207 
6,800 

i§  i§  ^g§  i ;  ;§§§ ;  ill  ;§i  I 

m  iai  i  i  is 

§si 

«-tf  I 

iP 

|«rf" 

§§§i 

tf  tf  «r  I 

ii  i  i  ;§Si§  i 

« «c  :  :  :    el-     -• 

l+:  i  ir+i  1  : 

ii  m^^  i  i  ;§§§  i  ig|  i§i  i 

i+ji  i  +  l  j  j  j+i+i  i++ j+i  i 

i§§i»s;i;§ 

:       :^^  :  :  :«- 
i-H-j  1  1  i  j  i  1 

gai 

++; 

is 
j  1 

1  1+  : 

i§  \  i  ;§§§§ ; 

\c€  jwVeCef  j   |   Icfefof  ;    ;«*eC  jeTcf  | 

oCef  j 

i§ 

iiii 

94.0 
96.8 

97.6 
96.8 
96.5 

•  o   .oe»t-e   .    •    .10000   .    •moo   'aoet   • 

•  MOO    .oo    .    .    ..H 

MO    . 

.otf- 

co«6t.   . 

61.0 
61.9 

62.6 
62.4 
62.2 

lo   ^ooF^ooe   ''   I   !e»ooeiP  I   ^r-oo   ieOiH   '» 

See 

i^ 

«o»o  I 

tifi  :  :  \fim  i 

*e»f-4  .'fc»ee   !   !   '^ 

i^ 

iii\ 

160,099 
171,674 

*m;i62* 

173.438 
178.112 
172.630 

"i74,*848 

174, 113 
172,822 
174, 101 
178,669 

*i76,*489 
171,552 
174.804 

'"176.725 
176.981 

*i78,*244' 
177,790 

m  ill  i  i  ;f 
i^^r-lii^ 

§§i 

ii 

§§ii 

164.954 
167.268 

'i66.358 
169,071 
159.041 
168,884 

is  iilig ;  i  i^iS  i  is§  i§i ; 

iis  ill  i  i  i§ 

§gi 

^si 

i§ 
i^ 

isii 

i"iii 

5saasas8j5sgss'^«"*'*«^**»sa9ssssi;as8aaas 


2632   BBPOBT  OF  THE  CHIEF  OF  ENOUnSEBS,  U.  8.  ABMY. 


^liri 


(4 


M 


Mti^i 


ii)iiiti 


I 


« 


I 


9*i 


ss 


sssss: 


PP 


^11 


PPP  P 


m 


III 

PPoP 


pp 


nil 


I 


12 


SS|§ 

CD  00  00  S 


^§1 


§§^l 


iM 


SS2 

Hfltfld 


§1 

MS  id 


•cSidio' 


n 

+1 


2§§ 


11 
i1^ 


§§i§ 


S§8SS 


I 


II 


eCcCoT 


oTof 


§§§§ 


iiiii 


I 


ii 


lOOOO 


loee 

•it 


OlOQOO 


mooom 


ell 


«H00M»O 


yyy@d 


OBceeeioio 


9$^ 


gsisi 


S3  si 


«ooaof-ieB 


eQ9««-4ekio 


II 


§3 


ii 


nn 


Ms' 


sr 


§§§|i 

8SS«S 


8||'«« 


gacl'J 


•  eidddc{e»c$c>c»dc»e>dc>cScScS^doGfc$doc>c>ddoo^odc$d^cS 
't  I   I  I  i  M   I  I  I   i   I   I   I  I  M   l  +  l   I   I  I   l  +  i  M  I  M   I  I  I  I  I  It 


APPENDIX   T  T — ^BBPOBT  OF  MISSISSIPPI  RIYEB  COMMISSION.      2633 


ihtn^il 

JM 

iiiaii 

\mm  \ 

IN; 

jpi  j 

UMti  \  1 

;  \MM  \ 

Uri^iUfi 

^Mi4 

888d  i 

.  lsat:ti  i 

:82S2SS8  i 

iSS  ig 

!  :8  i 

isess  ;  i 

\  iaass  : 

SSiSSSS 

S388E: 

pppi 

\  bes  1 

JMj 

HI! 

ipi|| 

Ml 

1 

oeP'ooo 

VI 

VI         light. 

VI          light 

xn     light. 

if  if  i 

:§§SI  i 

;:i; 

•5!  : 

1  pii  \ 

*     '822,005 

865.182 
360.643 

4.800 
4,740 
4.678 
4.874 

:  :•* 

5s: 

iisi 

i  i-^  i 

:    \c6cic69i   \ 

§iS3  i 
rial 

17+7+ j 

i  1  1  :1 

1?i 

mm  \  \ 

il l  +  i  :  : 

117+++: 

+7:f.?. 

7++7 

2.640 
2,048 
8.634 
2.628 

i§§§S  i 

is; 

;3i§§ ; ; 

1    leicfcTcf  j 

efeCefcf 

68.1 
02.4 
62.8 
62.8 

il^iil 

es^8 

888:f 

178,017 
ITS.  MB 
174,  SM 

!i3: 

i  mn  ■■ 

170.324 
100.126 
170. 147 
170.015 
172.273 
171.545 

:  ;§§§!  i 

mil 

i«i= 

ii§; 

mn  i  i 

08  277 
07,804 
06.772 
08,065 
101,874 
100.458 

iiSi 

s^sss«&8se8s:S8SS3&s8S$ts99&s99Ssgg&sso:$3Ssssssss:sss^£;  Stasia 

I  I  M  I  t  I  T  I  I  I ++T+  I  I   I  I  M  M  1  M  I  T  I  I  I   M  M   It   I  I  I  -H-i-++++  I  I  I  I  ?  I 
8S8S38d3?S8S$88g8^SS$S8S«S$SS:S;8S8:sSi^q:;^8?88&SS8SSSS8»S3 

••  *«  Clit  •«  e«  ^  *H  "^  ^^  •^  "^ '^  «  »^  •^  •^  r4  ^  1^  1^  f^  M  M  »^  r.*  ^  r^  »^  ..^  r^  ^.«  iH  ^  »- fi^  ,1  iH  i-n^  ,-n^  iH  11 1.^  H  »^  11 M  •■  ^^ 


I 


»S:^9S;SSS£?S3Ss98a9S^8S;8888'^«'*«^ 

I 


ie«»K-eoeio«ie4eo<«>ie<or-oo 


S;39S;!;SSS;Sa8S) 


2624      REPORT   OP   THE   CHIEF   OP   ENGINEERS,  U.  8.  ARBfT. 


i 


t 


Hiiii 


$j»ii4!]|!]|^ 


>l^ 


rili^ii 


aaiii 


I 


II 


I 


*n4i(«^  •ao)9«AJ9Wio  oii 


go 

111 


<«•   ;ieesieQMOfH   '011 


fcS 


«  hi  a 


^0000 


alii 


b,  eo  CO  e*    •  eo 


OOCO^SQCOCQ       CO       COCOCQCQCO 


0000 


^1  '§2«i 

CO  09    ■  n  CO  CO  fls 


iiii 

eoeieod 


g 


CO 


t 


++ 


SIS  IS'g 


•o 


I 


m8 


11 


Ii 


I 


1; 


l^s^s 


mi 


CQ  00  fH  CO  •<<<  r 


oo«ooi-4>oia 
wS  o  «'  CD  «e>  (d 


(N^MOiH^     eo 


3  iiissii 


§i 


^  "*   -♦> 


ill  :i§§§  § 


fis 


A  C4       00  00  oo 


•oioce    -0001100 


oiONocfco     00     o   o   00 


s  sf  s  s 


dlO     • 

4t\ 


OiHCQ 

c^cdio 


0<H*H 


ss 


Mg¥ 


lii 


OkOOiO 


5g^2 


§iis  .§ 


« 


ri  M  eo  ^  lo  CO  t- »  a 


saaasss  a  2S8a  8  saasRaass-""" 


IS 


APPENDIX   XT — ^REPOBT  OF  MISSISSIPPI  BIVEB  COMMISSION.      2625 


ii 


M^ 


on 


•te*  • 

!*•  ;  1  I  I 

•a  i  i ;  : 

:M  :  :  :  : 

i  1  i  ispp  lsa 

e«   J    ;   J.  J   J    ;    ;    ;    ;   ; 

assnninin 

jo 

ill  iiii  iii 

iiiiiii  iiiiiii 

mu  mm  \  \ 

iiii 

It- 
is 

r 

2Si 

«4a5   • 

mu  issiis  i  i 

si  is 

«4  :  :ej 

i8 

•e4 

§§§i  §  8  'mmi 

tt'f\  +  1  j'i'TTi-H 

\UU  iiliiS  i  ^ 

iiii 
7j:i 

is 

- .;  1 

•f  CO-    J 

§§§§  §  s  i§§§i§i 

lllil  iliiii :  i 

iiis 

il 

•HOT    loo    'ao 

-:iS  :^^^  ;ii 

iSIl  1  d  iiiii^s 

!^dd^  i^^g^^  ;  .^  ;  i^ 

i^ 

1^4  \4'$4  \44 

^     I     •OS 

si  j:5 

\4 

Si; 

no   -o   ioo 

lau  u^u  \^i 

-e«e«oo   •MiHNM'i^  I 

A     •     •«Q 

i^ 

is; 

Si  =§  ^§ 

^§  ^^  is' 

ill  ig§l  i§g 
ig^  igW  is(^ 

i§§sg  iliilg  i  i 

§iii 
^ii^ 

1a 

is! 

rfsf  i 

§1  iS  Is 

8fS  i*  jsf 

;S3  ;§ss  iii 

iiiiiii  iiiiiii 

iiil 

8- Ma 

il 

M  ^  »4  M  v-l  ^  <^ '^  ^  iH  i-l  r^  04  fH  »H  f^  iH  iH  iH  f^  iH  t-4  iH  v4  ^  fi^  o*  iH  f-1  f4  f^  1-4  v^  ^  iH  f^  H  "H  fH  f^^l  t^  f>^  iH  f^  M  iH  *^  M  f^  1-4  iH 

S908  EN ^165 


2G36   BEPORT  OF  THE  CHIEF  OF  ENGINEERS,  U.  S.  ABMT. 

6/— At  BSD  BivsR  Lai^ino  and  Head  of  tbx  Atcbafalata,  John  Ewmniv 

Assistant  in  Chabgb. 

Offiob  Mississippi  Biybb  Covmission, 

JMnt  louiB,  Mo.,  June  16, 1883. 
Sib  :  I  bave  tbe  honor  to  inform  yon  that,  in  accordance  witii  yonr  instniotion,  I 
left  Saint  Louis  with  my  party  for  Red  River  Landing,  Louisiana,  on  Noyember  96, 
1881.  I  arrived  at  my  destination  with  party  on  the  morning  of  December  3, 1881. 
Preparations  were  immediately  made  for  beginning  the  discharge  work.  Everything . 
else  was  sacrificed  to  meet  this  end,  as  I  desired  to  obtain  as  large  a  range  of  discharge 
measurements  at  the  different  stages  of  the  river  as  possible.  In  view  of  thi»  objective, 
the  elaboration  of  details  of  the  other  work  was  left  nntil  the  discharge  work  was 
fnlly  inangnratcd.  On  day  of  arrival,  an  exhaustive  reconnaissance  was  made  for  the 
purpose  ofselecting  suitable  discharge  sections.  After  soanding  a  number  of  sections, 
a  section  located  aboat  200  feet  below  the  warehouse  at  Red  Kiver  Landing  was  se- 
lected for  gauginc;  tbe  Mississippi.  The  section  for  ganging  the  Atchafalava  is  loca- 
ted at  Merrick,  about  3,000  feet  from  head  of  the  river.  The  section  in  Old  River  is 
situated  about  one  mile  from  its  Juncture  with  the  Mississippi.  The  section  on  Red 
River  is  situated  about  1^  miles  from  its  passage  into  Old  River.  All  of  these  sections 
presented  the  usual  and  requisite  qualifications  of  a  good  discharge  section,  the  fore- 
most amongwhich*were  high  banks,  and  freedom  from  eddies  and  other  disturbing 
elements.  The  section  in  a  bend  for  transverse  velocity  curve  work  was  located  in 
"Brunette  Bend,''  21  miles  below  Red  River  Landing  and  3  miles  above  New  Texas.  The 
regular  serial  work  covered  by  mj  instructions  necessitated  the  ganging  of  the  Mis- 
sissippi daily  with  but  one  exception,  the  exception  being  the  day  allotted  each  month 
for  work  in  the  bend.  The  Atchafalaya  was  to  be  ganged  not  less  than  once  a 
week,  and  daily  with4;he  Mississippi,  if  possible.  The  party  succeeded  in  gauging  both 
rivers  dally  during  the  entire  flood.  When  the  rivers  reached  the  ordinary  stage,  the 
Atchaiialaya  was  gauged  weekly,  which  was  thought  to  be  sufficient.  In  conneetion 
with  the  work  mentioned  above,  the  party  gaug^  Red  and  Old  Rivers,  also  Bayou 
des  Glaises.  During  the  flood,  the  Grand  cut-off  and  Bayou  des  Glaises  were  examined. 
Tlie  bend  section  was  worked  monthly.  Instructions  to  perform  bend  work  were  not 
ffiven  tbe  party  nntil  some  months  after  entering  the  field.  Observations  were  taken 
in  Old  River  as  often  as  necessary  to  determine  the  direction  of  flow  with  reference 
to  the  Mississippi.  The  party  carried  out  completely  and  snccessfully  not  only  the 
detail  work  ^ven  above,  but  did  a  vast  amount  of  additional  work,  such  as  rating 
meters,  making  experiments  to  compare  the  meter  with  other  plans,  &c.  The 
amount  of  field-work  done  may  be  briefly  summarized  as  follows :  A  total  of  310 
discharges  were  measured,  227  of  which  were  measured  on  the  Mississippi, 
78  on  the  Atcbafalaya,  3  on  Old  River,  1  on  Red  River,  and  1  on  Bayou  des  Glaises; 
the  bend  section  was  worked  6  times ;  a  large  number  of  vertical  curves  of  velocity 
were  also  taken.  The  work  of  establishment  having  been  completed,  the  regular  dis- 
charge work  was  begun  on  December  13th,  1881,  and  continued  without  interruption 
from  this  date  until  the  close  of  the  work  in  November,  1882.  The  work  during  the 
great  flood  was  carried  on  under  the  most  adverse  circumstances  imaginable.  The  ob- 
serving stations  had  to  be  built  above  the  water ;  the  transit  station  was  built  in  water 
over  ten  feet  deep.  The  platforms  for  the  observers  at  the  lining-in  stations  were  built 
in  trees.  By  working  in  this  manner,  the  party  continued  the  wo»  without  interruption 
during  the  entire  flood,  thus  securing  a  complete  and  reliable  set  of  discharge  observa- 
tions which  will  be  of  inestimable  vcuue,  as  they  cover  the  greatest  flood  discharge  ever 
measured  on  the  Mississippi  River.  It  was  the  intention  originally  to  do  all  the  veloc- 
ity work  with  the  meter,  but  the  late  arrival  of  the  steam  launch,  and  some  unavoid- 
able delays,  caused  by  losing  some  of  the  connecting  parts  of  the  meter,  made  it  nec- 
essary to  resort  to  float  methods  until  the  meter  could  be  employed  permanently. 
The  regular  plan  of  conducting  the  discharge  work  was  as  follows :  The  cross-section 
was  first  sounded.  Every  sounding  was  located  by  an  angle  deflected  from  a  1.000- 
foot  base-line  situated  at  right  angles  to  the  cross-section  Rne.  Between  90  and  100 
soundings  were  taken  daily.  The  soundings  were  taken  from  the  launch,  the  launch 
running  up  above  the  section  line,  then  drifting  back  to  take  the  sounding.  When 
above  the  line,  the  recorder  on  board  held  a  signal  flag  above  his  head  untilon  exact 
line,  when  it  was  dropped  quickly,  this  being  the  signal  for  the  transit-man  on  shore 
to  take  the  angle  locating  the  sounding.  On  every  tenth  sounding  a  red  flag  was 
raised,  as  a. check  on  the  work  of  shore  and  launch  party.  The  tangent  of  each  angle 
was  worked  out  as  it  was  taken,  thus  giving  the  distance  apart  of  the  sounding^,  and 
showing  at  once  any  gaps  that  n  ight  exist.  By  this  means,  errors  were  eliminated 
at  once  in  the  field.  This  system  of  sounding  should  be  regarded  as  conventional.  I 
can  conceive  of  no  other  plan  equal  to  it,  as  you  locate  each  sounding  iust  where  the 
leadsman' happens  to  cast  his  lead.  And  where  such  a  lar^e  number  of  soundings  are 
taken  as  at  the  Red  River  Landing  station,  you  will  during  a  series  of  days'  work 
touch  nearly  all  points  of  the  section.    If  the  fixed  signal  system  were  employed,  you 
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toocb  Bimply  the  same  Btations  and  yon  know  nothing  of  the  changes  that  are  taking 
plaee  between  them.  For  Bounding  at  this  station ,  light  leads  and  lines  were  nsed  in 
preference  to  the  nsnally  heavy  ones  employed. 

The  velocity  work  with  floats  was  performed  in  the  following  manner :  The  floats 
were  timed  over  a  100-foot  oath ;  the  transit  of  float  over  the  ranges  inclosing  this  path 
was  located  with  transit,  tne  bases  of  location  being  1,000  and  1,100  feet  fornpper  and 
lower  ranges  respectively.  At  the  section  lines  a  very  satisfactory  substitute  for 
transits  to  line  the  floats  was  used.  It  consisted  of  fine  silk  threads,  wei|^hted  with 
lead  plumb  bobs  and  suspended  from  the  apex  of  tripods  erected  over  the  lining  hubs 
on  tne  sections.    These  threi^ds  ^ave  a  line  I  consider  practically  as  good  as  that 

fives  by  the  cross  hairs  of  a  transit.  Theee  stations  were  established  on  both  banks, 
alf  of  the  river  being  observed  from  each  bank ;  there  were  days,  however,  when 
the  atmo^here  w  as  clear  enough  t  o  take  all  the  observat  ions  from  one  bank.  At  each 
of  the  liniug-in  stations,  a  rude  stand  was  erected  for  holding  the  electric  key  and  re- 
cording. The  floats  were  all  started  from  points  located  on  a  section  500  feet  above 
the  npper  extremity  of  the  float  path.  Tliis  eection  wob  divided  into  a  sufficient 
number  of  stations  to  cover' ail  the  velocities  between  the  banks;  the  angles  corre- 
sponding to  these  stations  were  calculated,  so  that  to  start  the  float,  it  was  necessary 
simply  to  mn  out  this  section  line  until  the  line  indicated  by  signal  from  the  transit- 
man  was  reached.  At  this  point  the  float  starter  would  launch  the  float ;  the  depth 
or  immersion  of  float  was  always  determined  from  soundings  taken  previously. 
Doable  floats  were  always  mn  at  mid  depth.  Rods  were  run  as  close  to  the  bottom 
aa  noaaible.  After  the  float  w  as  launched,  the  boat  party  followed  the  float  over  the  path 
and  noted  very  closely  its  action ;  if  anything  unnatural  was  visible,  the  float  was 
always  repeated  until  a  visibly  satisfactory  observation  was  obtained.  To  avoid  con- 
foaion,  a  system  of  signals  for  repeating  floats  was  adopted.  When  a  float  was  to  be 
repeated  for  reasons  discovered  by  the  boat  party,  the  float  starter  indicated  the  fact 
by  waving  a  flag.  When  a  float  was  to  be  repeated  for  reasons  disco \ered  by  the 
shore  party,  the  transit-man  waved  a  flag.  The  transit  of  the  float  over  the  sections 
at  extremity  of  path  was  signaled  to  ifhe  transit-man  by  telegraph,  by  the  obeerver 
at  the  lining  stations,  the  observer  also  acting  as  time-keeper.  For  a  brief  time  when 
the  flood  was  at  its  height,  the  locations  at  path  extremities  were  omitted,  and  a  float 
path  of  100  feet  was  assumed.  The  washing  away  of  the  telegraph  supports  necessi- 
tated this  change. 

When  rods  were  nsed,  a  special  form  of  rod  had  to  be  devised,  as  at  the  deeper  por- 
tions of  the  sections,  the  weight  attached  to  rod  has  to  be  so  great  that  it  is  necessary 
to  anange  the  attachments  in  such  manner  that  the  weight  may  be  detached  before 
withdrawing  the  rod.  If  such  an  arrangement  is  not  made,  you  will,  in  a  majority  of 
cases,  break  your  rod.  If  ^ou  attempt  to  make  your  rod  heavy  enough  to  prevent 
breaking,  you  will  find  it  will  be  too  cumbersome  to  handle  in  a  boat.  The  form  of 
rod  devised  for  this  work  was  the  same  as  that  shown  in  sketch  '*A."  The  lower  ex- 
tremity of  this  rod  is  made  T-fil>&pcd,  as  at  *'  R.''  To  the  weight  **w"  two  pan-shaped 
metallic  wrists  are  attached  at  w  .  These  strips  fit  closely  to  the  T  portion  of  the  rod, 
aa  shown  in  the  figure.  The  terminal  ends  spring  outward  at  c</  for  reasons  that  will 
presently  be  given.  A  string  passes  from  the  weight  at  ''A"  to  the  top  of  the  rod. 
This  string  is  the  one  used  in  raising  the  weight.  The  small  ring  at  zz*  is  held  by  two 
rinff  strings  that  pass  from  this  ring  to  the  top  of  the  rod.  The  method  of  launching 
and  withdrawing  the  rod  is  as  follows:  The  rod  is  taken  in  tow  by  the  skifl*.  Tlie 
lannching  station  having  been  reached,  the  weight  is  attached  by  simply  fitting  the. 
weight  into  the  groove  at  "a"  and  turning  the  wrists  down  on  the  T  portion  of  the 
rod,  makine  them  fast  by  springing  the  ring  over  the  sprint  ends  as  at  gg*.  This  be- 
ing done,  ^e  rod  is  lowered  ^adually  into  the  water  untiltbe  desired  immersion  is 
reached.  After  the  observation  is  complete,  to  withdraw  the  rod,  it  will  be  simply 
necessary  to  give  a  brisk  Jerk  on  the  ring  strings,  which  will  set  the  rod  free.  As  the 
rod  is  held  by  party  in  the  boat  the  weight  pressing  downward  will  throw  back  the 
wrists  which  are  hinged  at  hi/.  The  weight  having  oeen  detached,  you  will  find  that 
the  rod  will  shoot  rapidly  upward  and  be  flat  on  the  water  surface,  before  the  lead 
weight  can  be  drawn  to  the  surface.  While  one  of  the  boat  crew  is  raising  this  weight, 
the  other  members  of  the  crew  will  have  taken  the  float  in  tow  and  reached  the  next 
station,  withont  loss  of  time,  breakage,  or  any  inconvenience  whatever.  So  it  is  seen 
the  launching  of  this  type  of  float  is  reduced  simply  to  a  minimum  as  to  time. 

The  work  with  the  meter  was  all  conducted  from  the  catamaran.  The  location  was 
done  by  intersecting  signals  established  on  the  bank.  This  svstem  of  location  was 
neoessitated  by  reason  of  the  entire  force  having  duties  on  tne  river.  The  plan  of 
working  was  as  follows :  The  catamaran  was  lashed  to  the  launch  in  such  a  manner 
that,  the  suspending  wire  holding  the  meter,  the  throttle  valve  of  engine  and  the  en- 
gineer wonlcl  all  be  in  plane  of  the  section  when  on  line ;  the  pilot  taldng  such  a 
positloQ  with  reference  to  the  intersecting  signals  as  to  bring  the  meter  exactly  on 
the  station.  This  plan  enabled  the  j^llot  and  engineer  to  keep  the  plant  in  perfect 
position  witboat  any  appreciable  variation.    The  greater  number  of  the  diacharge 
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TelocH J  obserrations  were  taken  hj  holding  the  plant  np  against  the  cnrrent.  It  was 
fonnd  by  making  a  large  number  of  experiments  with  plant  anchored,  that  the  reanlts 
taken  with  the  plant  free  or  anchored  did  not  differ.  Experiments  were  made  fre- 
'  '  at  the  various  stations  in  order  to  fully  satisfy  myself  that  the  plans  did  not 


differ  appreciably.  In  doing  the  work  by  holding  up,  care  w  as  always  taken  to  oom- 
mence  and  end  the  observations  on  exact  line.  The  vast  amount  of  time  it  would 
take  to  withdraw  and  cast  large  anchors,  the  continued  presence  of  passing  boats, 
and  the  vast  6elds  of  drift  that  are  present  in  the  river  continually  at  flood  stages, 
necessitated  the  adoption  of  this  plan. 

In  taking  vertical  velocity-curve  observations,  the  plant  was  always  anchored. 
The  meter  was  worked  from  the  stem  of  the  catamaran.  The  connection  and  general 
arrangement  of  the  apparatus  was  as  follows:  The  suspending  and  ^y- wires  were 
attached  to  two  model  cog-reels  which  were  attached  to  the  platform,  in  the  bow  and 
stem  respectively.  The  suspending  wire  passed  from  the  stern-reel  over  to  an  iron 
sheave  held  by  a  pulley  stanchion  that  projected  about  4  feet  upwards  from  end  of  the 
stem ;  this  stancliion  leaned  outward  far  enough  to  let  the  meter  weight  clear  the 
platform.  The  wire  passed  from  this  sheave  to  the  loop-clasp  of  the  meter-weight 
pipe.  The  etiy-wire  passed  from  the  stern-reel  to  a  wooden  sheave  held  by  a  puUey- 
>  block  in  the  long  beam  that  projected  from  the  center  of  the  platform  outward  between 
the  bows  of  the  catamaran.  This  beam  was  about  20  feet  long,  and  was  made  adjusta- 
ble, as  its  length  depends  on  depth  of  immersion  of  the  meter.  Its  length  with  refer- 
ence to  the  hypotenuse  and  altitude  of  the  triangle,  of  which  it  forms  the  base,  must 
be  such  as  will  keep  the  suspending  wire  vertical.  The  euy-wire  passes  from  this 
sheave  to  a  small  clamp  that  is  attached  to  a  cylinder  ot  brass  1  inch  long,  which 
works  up  and  down  on  the  pipe  of  meter  weight.  This  little  cylinder  has  a  clamp- 
screw  for  adjusting  it  to  the  pipe  at  any  desired  height.  The  arrangements  described 
above  will  without  doubt  keep  apparatus  perpendicular  to  the  pection.  In  this  con- 
nection I  would  say  that  were  it  possible  to  use  a  rigidly  fixed  pipe  for  holding  the 
meter  it  would,  I  think,  be  preferable.  But  we  know  on  the  Lower  Mississippi  at  cer- 
tain stages  this  would  be  impossible,  on  account  of  Immense  quantities  ofsubmerged 
drift  that  will  be  met  with  continually. 

In  Annales  de$  Pants  et  Chauas^,  by  M.  De  La  Greve,  a  very  Kood  form  of  pipe  at- 
tachment is  described.  I  give  a  sketch  of  this  in  figure  **  B,"  It  consists  of  a  piece  of 
;as-pipe  of  desired  length  with  a  small  longitudinal  section  removed,  as  shown  in  the 
lorizontal  section,  figure  **  o."  The  meter  slides  down  this  pipe  and  is  kept  from  turn- 
ing by  the  projection  at  o.  Though  the  device  is  a  good  oue,  yet  the  guy  plan,  when 
worked  carefully,  is  the  more  satisfactory  and  is  always  practicable.  Tne  battery 
connections  were  first  made  through  the  reels  direct ;  but  it  was  found  advisable 
afterwards  to  use  two  small  insulated  wires  for  conducting  the  electric  currents. 
These  wires  served  also  as  safety  wires,  as  the  suspending  wire  often  broke.  In  such 
cases  the  conducting  wires  would  hold  the  meter.  The  gny  would  prevent  loss  were 
these  wires  missine,  but  it  would  not  prevent  the  injury  that  would  be  done  by  with- 
drawing it  with  the  guy-wire.  The  battery  connections  wore  centralized  in  such 
manner  that  but  two  simple  connections  on  the  meter  completed  the  circuit.    The 
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battery  and  register-cases  were  combined  and  attached  by  angle-wires  to  the  cata- 
maran in  such  manner  as  to  prevent  loss.  The  stem  reel  was  graduated  and  con- 
nected with  an  index  pointer  in  such  manner  that  depths  of  less  than  one-tenth  of  a 
foot  could  be  read  off. 

The  meter  weight  consisted  of  a  lead  cylinder  weighing  about  60  pounds.  This 
cylinder  was  about  10  inches  long  and  about  4^  inches  m  diameter.  A  piece  off-inch 
gas-pipe  passed  through  the  cylinder.  This  pipe  was  about  16  inches  long.  The 
meter  was  attached  to  this  pipe.  The  top  of  the  pipe  terminated  in  a  screw-tap  con- 
taining the  suspending  wire  clamp.  A  small  brass  cylinder  containing  the  guy- wire 
clamp  was  attached  to  this  pipe  also. 

The  furniture  of  the  catamaran  consisted  of  a  small  skiff,  a  large  sweep  oar,  a  long 
pike  pole,  an  ax,  and  set  of  sienal  flags.  Life  preservers  for  the  party  were  also  on 
board.  This  outfit,  and  careful  training  of  the  party,  prevented  losses  or  accidents  of 
any  kind  during  the  year,  which  was  one  of  the  most  trying  ones  that  in  all  proba- 
bility will  ever  be  enconntered  by  parties  on  work  of  this  character. 

The  velocity  work  done  with  double  floats,  rod-floats,  and  the  meter  was  refined  in 
every  detail  possible,  as  the  necessity  of  employing  three  methods  made  it  absolutely 
necessary  to  secure  as  nearly  perfect  results  as  possible,  in  order  to  make  a  comparison 
of  the  methods,  and  to  make  the  discharge  work  in  general  satisfactoiy.  The  final 
reductions  and  the  curves  of  velocity,  area,  and  discharge  deduced  attest  fully  the 
accuracy  of  the  work  in  detail. 

The  cause  of  not  using  the  meter  oxclusively  was  due  to  the  non-arrival  of  the 
launch  and  the  loss  of  one  of  the  connecting  parts  of  the  meter.  Work  with  the 
meter  was  a  perfect  success  from  the  start.  After  the  equipment  for  making  repairs 
was  received  from  Saint  Louis,  not  a  single  observation  wa%taken  by  any  other  plan. 
Aside  fh>m  this,  I  think  the  partial  use  of  floats  fortunate,  as  it  will  admit  of  a  eom- 
pariioB  of  the  methods  and  under  favorable  oiroumstanaea. 
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Beeides  the  legnlar  aerial  work  done  by  the  partj;,  an  exhanetive  exaaii  nation  of 
the  grand  cat- off  near  Black  Hawk  was  made  daring  the  flood.  No  flow  through 
the  cut-off  was  manifest.  In  Red  River,  from  the  mouth  of  the  bayou  cut-off  down 
to  Spanish  Foit,  the  current  was  very  feeble  during  the  flood.  An  examination  was 
also. made  of  the  Bayou  des  Qlaises  nom  the  mouth  to  Hamburg,  La.  A  discharge 
was  also  taken  through  a  section  about  i  mile  above  the  mouth  of  this  bayou. 

'ihe  notes  were  kept  written  up  daily.  The  calc^lations  were  kept  up  daily,  aud  a 
diseharge  sheet  transmitted  weekly  up  to  August  17, 1682.  After  that  date  no  compu- 
tation could  be  made,  as  my  assistant,  Mr.  John  C.  Cammack,  left  the  party,  he  having 
received  official  orders  to  report  in  Saint  Louis. 

A  daily  log  was  kept,  also  a  daily  summary.  The  latter  book  contained  the  gauge 
readings,  temperatures  of  the  air  and  water,  direction  and  force  of  the  wind,  dates  of 
rain,  frosts,  fogs,  and  other  marked  features  of  the  weather :  also  a  complete  record 
of  the  kind  and  amount  of  work  done  daily,  the  condition  of  the  data,  dtc. 

'!^'hen  work  on  the  nver  was  impossible,  the  boat  party  were  engaged  in  the  shop, 
fabricating  such  articles  as  were  required  on  the  work,  making  repairs  on  the  appa- 
ratus, &o. 

The  launch  was  kept  in  complete  repair  and  improved  considerably  by  the  party. 
The  stability  of  the  launch  and  its  excellent  running  power  were  frilly  established  by 
the  excellent  condition  it  was  in  at  the  close  of  the  work,  after  having  been  used  se- 
verely for  over  a  year.     For  work  of  this  character  launches  of  this  type  nave  no  equal. 

The  results  of  the  daily  discharge  observations  are  gnven  so  fully  in  the  tables  of 
calculations  and  curve  charts  appended  to  this  report,  that  a  discussion  of  them  here 
is  unnecessary. 

The  work  was  inspected  by  you  in  person  on  January  25  and  26, 1882|  and  again  on 
November  23,  18^.  The  meter  work  in  actual  operation  on  the  river,  the  plant,  and 
all  the  auxiliary  apparatus  were  inspected  on  November  23,  1682,  by  General  H.  Q. 
Wriffht,  Chief  of  Engineers,  United  States  Army,  General  0.  B.  Comstock,  president 
Mississippi  River  Commission,  Ma|.  Amos  Stickney,  Maj.  Chas.  R.  Suter,  United  States 
Army,  Maj.  B.  M.  Harrod,  Prof.  Henry  Mitchell,  and  Judge  R.  C.  Taylor. 

The  work  of  the  party  at  Red  River  Landing  closed  on  November  26, 1882,  orders 
having  been  received  on  that  date  to  close  the  work  and  proceed  with  party  to  the 
Bonnet  Carr6  crevasse.  The  note-books  and  field  supplies  no  lonser  required  were 
transferred  to  the  steamer  Mississippi  on  November  26, 18U2.  All  fiie  calculations  of 
discharge  work  for  both  the  Mississippi  and  Atchafalaya;  charts  showing  deduced 
curves  of  velocity,  discharge,  and  area ;  a  map  showing  relative  position  of  cross-sec- 
tions; a  map  of  transverse  velocity  corves  taken  in  bend ;  a  map  showing  contour  of 
river  l>ed  at  all  of  the  sections,  are  all  appended  to  this  report. 

Before  closing  this  part  of  my  report  I  desire  to  acknowledge  the  valuable  assistance 
rendered  by  my  assistant,  Mr.  John  C.  Cammack ;  the  cheerful,  prompt,  and  accurate 
manner  in  which  he  performed  his  arduous  duties  during  the  most  trying  times  of 
the  great  flood,  and  at  all  times  while  with  my  party,  is  worthy  of  praise  which  words 
are  but  meager  to  express. 

The  changes  and  action  of  the  river  in  the  vicinity  of  Red  River  Landing,  and  some 
facts  regarding  the  flood  height  of  1882  and  previous  years,  and  other  personal  obser- 
vations made  during  the  year,  will  doubtless  be  of  interest  in  connection  with  the  above 
report. 

The  weather  during  the  year  was  variable.  It  rained  on  143  days;  fogs  prevailed 
periodically  from  January  5  to  June  13.  The  minimum  temperature  of  the  air  for  the 
year  was  2fP  (on  January  30).  The  maximum  temperature  of  the  air  was  98^  (on 
AugQSt  17).  The  minimum  temperature  of  the  water  was  44P  (on  January  30);  the 
maximum  temperature  of  the  water  was  84^  (on  June  30,  July  1  to  6^  August  17  to  31). 

The  temperatures  of  the  water  were  taken  at  points  of  the  section  from  bank  to  bank, 
and  as  near  mid-depth  as  possible.  These  temperatures  were  valuable  during  the 
flood.  The  arrival  of  flood  water  frt>m  the  Tensas  region  was  shown  by  the  tempera* 
tuxe  of  the  Atchafalaya  during  the  flood.  On  the  day  preceding  the  arrival  on  the 
Atchafalaya  of  the  flood  water  referred  to,  the  temperatures  of  the  Mississippi  and 
Atchafalaya  were  the  same,  which  might  be  expected,  as  the  Mississippi  was  discharg- 
ing a  portion  of  its  waters  into  the  At-chafalaya  via  Old  River.  On  the  day  of  the 
arrival  of  additional  flood  water  on  the  Atchafalaya  the  temperature  of  the  Atchafalaya 
rose  several  decrees,  thus  indicating  the  source  of  the  additional  volume  of  water 
present  in  the  river. 

The  river  was  rising  on  December  3, 1881,  the  day  of  the  arrival  of  party  at  Red 
River  Landing,  and  continued  rising  until  December  6,  when  it  began  falling.  It  feU 
until  December  27,  on  which  date  it  hegan  rising,  and  continued  until  March  27, 1882, 
on  which  date  it  reached  its  maximum  stage  not  only  for  the  year,  but  the  highest 


ever  known.  The  gauge  at  12.30  o'clock  on  that  day  read  48.53  feet  above  the  low- water 
mark  of  1872,  which  is  the  zero  of  the  gauge.  This  zero  is  2.4  feet  above  sea  level. 
This  remarkable  stage  of  the  river  was  1.53  feet  above  high-water  mark  of  1874,  and 
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1874,  and  1682  are  46.97,  47.05,  and  48.53  respectively.  It  will  be  seen  from  these 
fignres  that  the  flood  interrala  from  1867  to  1882  are  7  and  8  years,  respectively ;  the 
rise  of  the  flood  surface  for  these  periods,  0.78  and  1.48  feet. 

The  general  character  of  the  Old  Biver  water-way,  and  the  effects  of  the  periodic 
flow  inward  and  outward,  will  doubtless  be  of  interest  here.  The  period  of  oh^ge 
of  flow  is  generally  3  days.  The  first  sign  manifest  is  a  marked  checking  of  the  cur- 
rent in  Old  Biver,  and  a  more  marked  degree  of  clearness  in  the  water.  These  changes 
are  very  easily  noticed  on  the  first  dav.  On  the  second  day  the  current  nearly  oeases. 
On  the  third,  the  change  of  flow  is  found  to  have  taken  place ;  the  current  will  be 
found  as  swift  as  usual,  and  the  water  will  have  the  usual  mud  color.  The  direction 
of  flow  is,  of  course,  governed  by  the  relative  stages  of  the  Mississippi  and  the  At- 
chafalaya,  the  Bed  Biver,  of  course,  governing  the  Atchafalaya.  The  current  is 
swifter  when  the  flow  is  outward.  The  general  effects  of  an  inward  flow  are  more  in- 
jurious to  the  Old  Biver  water-way  than  an  outwasd  flow  is,  and  for  this  reason,  that 
when  the  flow  is  inward,  the  current  is  greatly  diminished  and  the  percentage  of 
sediment  in  the  water  is  visibly  greater. 

These  two  ruling  elements,  which  under  the  circumstances  act  in  unison,  canse  a 
more  rapid  fill,  while  the  checking  of  the  cnrrent  diminishes  the  scouring  tliat  char- 
acterises an  outward  flow. 

Tnmbnll  Island  is  also  an  obstacle  to  the  flow  through  Old  Biver,  and  at  flood 
stages  it  forms  the  basis  of  marked  fills  all  the  way  around  the  isUnd.  It  is  in  fact 
the  nucleus  of  all  the  sand-bars  in  the  vicinity.  The  effects  of  an  outward  flow  are 
more  beneficial  to  navigation  than  an  inward  flow,  though  at  certain  points,  which 
will  be  described  presently,  it  has  a  damaging  effect.  It  is  in  general  more  beneficial, 
as  the  current  is  more  rapid,  and  the  percentage  of  sediment  in  the  water  is  much 
smaller,  as  Bed  Biver  water  has,  I  think,  a  smaller  percentage  of  sediment  than  Mis- 
sissippi water.  The  deep-i'ed  color  of  the  former  is  due  to  matter  held  in  solution 
.  father  than  that  held  in  subpension.  These  are  the  thin^  which  make  an  outward 
flow  favorable  to  navigation.  The  shoal  places  in  Old  Biver  are  three  in  number,  and 
are  situated  as  follows :  At  Barbre's  crossing,  in  vieinity  of  Ash  Cabin  Bend,  and  at 
the  Mississinpi  mouth  of  Old  Biver.  The  causes  that  have  produced  this  shoaling  I 
consider  to  have  been  as  follows:  At  the  Barbre  crossing  the  shoaling  is  due  to  the 
checking  of  the  current  of  Bed  Biver  as  it  sweeps  around  the  bend  where  it  enters 
Old  Biver.  In  turning  this  bend,  it  loses  a  sreat  part  of  its  velocity,  which  it  cannot 
possibly  recover  until  it  gets  some  distance  oeyond  Barbre's  crossing.  The  effect  of 
this  is  the  piling  up  of  the  sediment  which  the  river  has  pushed  to  this  point,  and 
which  the  loss  of  velocity  prevents  from  being  carried  £Eirther.  The  deposit  from  the 
water  itself  is  also  au^ented,  owins  to  the  slackening  np  of  the  current.  The  flow 
eith^  way  from  Old  Biver  causes  a  fill  at  this  crossing,  and  for  this  reason,  that  when 
the  flow  is  outward  the  current  is  checked  in  the  B^  Biver  bend  as  before ;  when 
the  flow  is  inward  the  current  is  checked  near  the  turn  at  the  Ash  Cabin ;  and  when 
it  gets  to  Barbre's  crossing,  it  encounters  Bed  Biver,  which  is  moving  nearly  at  right 
angles  to  it.  So  it  is  seen  both  streams  meet  at  this  point  in  a  somewhat  exhausted 
condition.  Their  forces  ore  so  nearly  equal  that  equilibrium  is  nearly  produced, 
which  action,  as  is  obvious,  causes  the  fill  or  shoaling  referred  to. 

The  equalization  of  the  forces  of  the  water  at  this  point  is  verified  by  the  well- 
defined  color  line  that  is  always  seen  at  this  point.  Tlie  shoaling  near  the  Ash  Cabin 
is  due  to  the  decrease  of  velocity  caused  by  Old  Biver  encountering  the  bends  it  meets 
before  it  reaches  this  point.  The  fill  is  greater  at  this  point  when  the  current  is  in- 
wardj  as  the  arm  of  the  bend  with  reference  to  an  inward  flow  is  more  abmpt.  The 
shoaling  at  the  month  is  due  wholly  to  an  inward  flow.  The  large  volume  of  Mis- 
sissippi water  that  sweeps  around  the  turn  at  Carr's  Point  carries  with  it  a  vast  vol- 
ume of  sediment,  which  it  leaves  at  the  shoal  section  referred  to  for  want  of  suffi- 
cient velocity  to  carry  it  farther.  The  loss  of  velocity  in  this  case  is  much  greater 
than  in  any  of  the  others  mentioned :  the  fill  is  in  consequence  much  greater.  The 
steamboat  channel  at  entrance  of  Old  Biver  attests  the  great  force  and  action  of  the 
water  as  it  sweeps  around  this  point.  This  channel,  Just  before  yon  enter  Old  Biver, 
is  nearly  at  right  angles  to  the  Old  Biver  Channel.  On  both  sides  of  it,  immense 
sand  reefs  exist.    This  channel  resemMes  a  canal  more  than  it  does  a  natural  passage. 

This  channel  is  due  to  the  action  of  the  maximtRn  thread  of  the  current,  which 
sweeps  around  the  point  at  the  mouth  with  a  tremendous  force  and  passes  the  mouth 
without  entering.  It  is  this  portion  of  the  current  that  produces  the  channel  at  the 
entrance  of  Old  Biver.  This  point  of  Old  Biver  is  benefited  materially  by  an  out- 
ward flow,  as  the  volume  of  water  coming  out  scours  more  rapidly.  The  outward 
volume  pushes  the  Mississippi  water  as  it  rounds  Carr's  Point  farther  toward  the  left 
bank ;  i.  e.,  it  has  that  tendency.  This  action  causes  the  bar  at  the  point  of  Old 
BiVer  (the  nucleus  of  which  is  Carr's  Point)  to  make  rapidly  down  stream.  Its  make 
is  due  wholly  to  the  meeting  of  the  two  rivers  at  this  point  when  the  flow  is  outward. 
By  meeting  they  lose  a  larse  percentage  of  their  vdocity,  and  thus  increase  the  sedi- 
mentary deposit  at  this  point.    This  bar  made  about  300  feet  down  stream  last  year. 
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Should  the  flow  contmne  ontward  from  Old  River  without  changing,  and  low  stages 
of  the  river  predominate  for  any  great  length  of  time,  this  bar  wonld  eventually  work 
its  way  down  stream  and  connect  with  the  main  bank  of  the  Mississippi  below  Tor- 
ras'Sy  and  thus  close  np  Old  River  at  low  water  entirely.  This  section  of  the  countrv, 
and  moie  especially  that  within  a  xadius  of  10  miles  from  the  center  of  TumbulTs 
Island,  is  a  very  interesting  one,  and  is  a  wide  field  for  investisation  at  the  present 
time,  as  it  no  doubt  contains  the  unknown  quantities  that  mtSie  the  problem  of  the 
change  of  the  Mississippi  channel  at  the  present  time  a  vague  uncertamty. 
Respectfully  submitted. 

JOHH  EWXNS, 

Atiistani  Engineer. 
First  Lieut.  Smith  S.  Lxagh. 

Seereftary  MiMieeippi  Biver  ComimiMUm. 

DUckarge  oheervaUims,  Bed  Ewer  Landing,  La. 

In  this  tabulation  the  gauge  readings,  water  area,  maximum  depth,  width,  mean 
velocity,  discharge,  direction  and  force  of  wind,  temperature  of  air  and  water,  and 
method  were  copied  from  note-books  Nos.  831-835,  839-844,  854. 

Rise  or  fall  between  any  two  days  was  obtained  by  taking  the  difference  between 
the  gauge  readings  on  those  days. 

Scour  or  fill  TOtween  any  two  days  was  obtained  thus:  Take  the  difference  be- 
tween the  water  area  on  the  first  day,  counted  for  rise  or  fall  for  the  time  considered, 
and  the  water  area  of  the  second  day.  If  the  area  of  the  second  day  is  the  larger,  the 
difference  is  scour ;  and  if  the  smaller,  this  difference  is  fill. 

Datum  was  taken  at  a  gauge  reading  of  48.5  feet,  and  surface  width  of  3,918  liset, 
on  March  27. 

Datum  area  is  the  water  area  of  March  27  and  =  234,480  square  feet 

Subsequent  datum  areas  were  obtained  by  successively  adding  and  subtracting  the 
scours  and  fills. 

Datum  areas  between  December  14  and  March  27, 1882,  were  obtikined  by  working 
backward  fix>m  March  27. 

Mean  depth  was  obtained  by  dividing  the  water  area  by  the  water  width. 

Mean  datum  depth  was  obtained  by  mviding  datum  area  by  datum  width. 
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DUokarge  ohBervaiwM^  Atehafalaya  Biffer. 

The  compntations  fbr  the  discharge  of  the  Atohafalaya  RlTer  were  made  in  the  fol- 
lowing manner: 

The  areas  were  obtained  by  plotting  the  sections  on  cross-section  paper,  locating 
the  position  of  Telocity  obserrations,  then  dividing  the  section  into  partial  areas,  and 
connting  the  small  squares  in  each  area ;  thus  givinff  to  each  Telocity  an  area,  nnlesB 
two  or  more  Telocities  wore  taken  Tory  close  together,  in  which  case  an  area  was 
given  to  the  mean  of  this  group  of  velocities. 

The  sum  of  these  partial  areas  beins;  the  total  area  of  section. 

The  dischai^e  for  partial  areas  was  obtained  by  multiplying  the  area  by  its  velocity. 

The  total  discharge  beiuff  the  sum  of  the  partial  discharges  thus  obtained. 

The  mean  velocity  was  obtained  by  dividing  the  total  discharge  by  the  total  area. 

The  mean  depth  is  obtained  by  dividing  the  area  by  the  water  width. 

The  maximum  depth  is  the  deepest  actual  sounding  taken. 

Scour  or  fill  is  the  difference  m  sectional  area  obtained  by  actual  area  difference 
compared  with  difference  due  to  change  of  gauge ;  51  feet  was  taken  as  datum  gauge- 
readinjK. being  .13  foot  above  highest  gauge-reading  when  observations  were  taken; 
the  difference  in  area  due  to  this  difference  in  gauge  was  added  to  the  water  area  of 
March  28;  the  area  thus  obtained  being  used  as  the  datum  area. 

The  other  datum  areas  were  obtained  by  successively  adding  or  subtracting  the 
scours  and  fills. 

Mean  datum  depth  was  obtained  by  dividing  the  datum  area  by  the  datum  width, 
1,030  feet. 

Owing  to  the  recorded  gauge-readings  in  the  note-books  being  very  unsatisfactory, 
they  were  discarded  and  a  set  of  readings  interpolated  from  the  Barbres  Landing 
gauffe  in  the  following  manner. 

The  gauge  is  at  the  nead  of  the  Atehafalaya,  about  1,500  feet  above  the  dischargo 
section.  A  curve  was  plotted  on  profile  paper  from  this  gauf^e,  and  readings  were 
interpolated  for  4  p.  m.  of  each  day,  which  time  is  the  mean  time  of  daily  obsenra- 
tions. 

The  difference  in  readings  between  the  gauge  at  section  and  Barbres  gauge  was  de- 
termined (1.1  feet).    This  correction  was  applied  to  readings  on  Barbres  gauge. 

The  computations  up  to  August  16  were  made  in  the  fidd ;  after  that  date  in  the 
office. 

A  discharge  cnrTe  was  plotted  and  soTeral  of  the  observations  farthest  from  tho 
line  were  rsoomputed;  some  of  them  found  in  enor,  others  checking  closely. 
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6.— At  Winona,  Mnm.,  Johk  Ewbns,  Absistaitt  in  Chabqk. 
(Note.— Bemilta  in  Report  of  Commlmdon  for  1882,  page  127.) 

Office  Mississippi  Riyeb  Commission, 

Saint  Louis,  Mo.,  June  1, 1883. 
"Sib  :  I  haye  the  honor  to  inioTm  yon  that  in  accordance  with  vonr  iustruotions. 
veceiyed  in  September,  1880,  I  proceeded  to  Wabasha,  Minn.,  where  I  completed 
organization  of  party  and  made  immediate  preparations  to  carry  out  your  instructions. 

After  a  careful  examination  of  the  topography  of  the  country  in  the  rioinity  of 
Waba^a,  I  found  that  a  formidable  outlet  known  as  *<  Beef  Slough,"  situated  some 
distance  back  from  the  left  bank,  would  make  the  locality  a  yery  undesirable  one  for 
^he  work  of  gauging,  which  first  of  all  for  its  success  requires  the  absence  of  outlets. 
;8uryeys  and  sectional  sounding  of  the  riyer  at  this  point  were  sent  to  Saint  Louis 
for  examination.  In  a  very  bnef  time  afterward  orders  were  received  for  the  party 
i»  remove  to  Winona^?  miles  below.  Examinations  similar  to  those  made  at  Wa- 
^)asha  were  made  at  Winona,  and  at  the  town  of  Homer,  about  4  miles  below.  A 
large  number  of  sections  were  sounded  at  both  of  the  places  mentioned,  and  a  sec- 
tion for  discharge  measurement  selected  at  both.  The  Winona  section  was  situated 
About  li  miles  below  the  Chicago  and  Northwestern  Railroad  bridge.  Tbis  section 
wiis  selected  on  account  of  the  banks  being  higher  than  elsewhere  in  the  vicinity, 
»nd  owing  to  the  absence  of  eddies  and  other  disturbing  elements  that  detract  from 
the  accuracy  of  discharge  work.  The  Winoua  Rection,  though  the  best  to  be  found 
tin  the  vicinity,  presented  many  disadvantages  which  no  doubt  have  their  influence  on 
ivork  of  this  character,  where  refinement  is  so  desirable.  The  most  prominent  draw- 
back was  the  presence  of  large  numbers  of  immense  rafts  which  skirted  the  right 
tbank  for  miles  above  and  below  the  discharge  section,  extending  for  some  distance 
out  in  the  river.  The  effect  of  such  obstructions  on  the  velocity  and  changes 
of  bed  is  so  obvious  that  a  description  here  of  their  effect  is  unnecessary.  In  conse- 
•quenco  of  the  constant  presence  of  these  rafts  I  thought  for  a  time  that  the  Homer 
section  would  be  preferable,  but  found  that  at  high  water  the  discharge  would  be  par- 
tial on  account  of  a  small  outlet  fed  by  the  river  above  this  section.  So,  in  view  of  all 
these  facts,  Winona  was  finally  decided  on. 

On  account  of  the  absence  of  supplies,  work  with  the  electric  plant  designed  by 
^ou  could  not  be  commenced  until  the  spring  of  1881.  Rod-floats  were  employed  for 
yelocity  measurements  until  the  closing  of  the  river,  which  took  place  on  November 
t20,  IS^.  After  the  closing  of  the  river  preparations  were  begun  immediately  for 
the  winter  work  through  tne  ice  with  the  water-meter.  The  severity  of  the  winter 
un  this  State  suggested  to  me  the  propriety  of  devising  some  plan  by  which  the  work 
ioould  be  continued  without  interruption  from  the  cold.  To  meet  this  difficulty,  a  sled- 
liouse  was  designed  and  const  nicted.  It  consinted  of  an  oblong  structure,  large 
•enough  for  three  members  of  the  pafty  to  CDodnct  the  work  in.  This  house  was 
nnoanted  on  two  woodeu  runners,  which  were  clad  with  steel ;  a  window  on  the  front 
ifiide  of  the  structure  admitted  all  the  light  required.  A  trap-door  with  a  portable 
-casing  was  made  in  the  floor  of  the  hoasefor  lowering  and  raising  the  meter.  The 
interior  furnishings  consisted  of  a  desk  for  recording  and  holding  the  register,  a  stove, 
thermometer,  and  two  pulley-galleries  for  lowering  and  raising  the  meter  and  inte^ 
:grating.  The  plan  of  working  was  as  follows:  The  stations  having  been  previously 
located,  a  square  hole  was  cui  in  the  ice  at  each  station,  the  center  of  the  nole  being 
the  original  location  of  the  station-hub.  A  path,  the  center  of  which  was  the  section 
line,  the  width  conforming  to  the  gauge  of  the  runners  of  the  sled,  was  then  cut 
ocrcss  the  river.  With  these  arrangement's  to  perform  the  work,  it  was  simply  neces- 
tsary  to  draw  the  house  over  the  opening,  raise  the  trap-door,  and  insert  the  trap-cas- 
ang  and  lower  the  meter  for  the  observations.  The  trap-casing  proved  to  be  an  ex- 
^celleDt  feature  of  the  house.  It  excluded  the  air  completely,  and  formed  a  wooden 
^casing  around  the  opening  in  the  ice.  To  illustrate  how  adinirably  the  house  plan 
worked,  it  will  suffice  for  me  to  state  that  tbe  party  continued  the  work  successrally 
•OA  maaory  •days  when  the  wind  blow  a  perfect  gale,  and  the  thermometer  indicated  a 
'temperature  of  45°  below  zero.  On  these  <^q:'s  the  temperature  within  the  house  was 
.about  80°  above. 

Though  the  work  through  the  ice  was  conducted  with  all  the  care  and  refinement 
-possible,  the  continued  presence  of  slush  ice  beneath  the  surface  no  doubt  detracted 
greatly  from  the  accuracy  of  the  work.  Were  it  not  for  this  fact,  the  work  would 
haye  been  as  fine  as  ever  has  been  done  elsewhere,  as  the  manner  of  working  and  ap- 
paratus used  could  hardly  be  improved  on.  This  work  was  continued  until  tne  break- 
ing up  of  the  ice,  which  occurred  on  the  morning  of  April  4,  1881.  Though  the  riyer 
became  free  from  ice  on  the  night  of  April  7,  the  party  had  made  arrangements  dur- 
ing the  winter  so  completely  that  they  were  enabled  to  begin  discharge  work  with 
the  electric  plant  and  rod-floats  on  the  morning  of  April  8,  six  honrs  after  the 
river's  becoming  free  from  ice.    The  system  of  wire  anchorage  used,  and  tbe  general 
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plan  of  plant  and  method  of  working,  haye  been  described  so  fhHy  by  yon  in  th^ 
progress  report  of  the  Commission  for  1881,  that  a  description  here  is  nnneoessary^ 
The  open-river  work  was  con  tinned  successfully  until  October  23,  1881,  orders  hav- 
ing been  received  to  leave  Winona  with  the  i)arty  on  October  25, 1^1.  In  connection* 
with  the  regular  discbarge  work,  tbe  following  work  was  done:  elope  observatiou^ 
were  taken  daily,  sediment  and  dredge  specimens  were  taken  at  regular  periods,  aud 
longitudinal  soundings  were  taken  as  often  as  time  would  permit.  The  dredge- work 
was  made  of  more  than  passing  interest  on  account  of  the  refinements  introduced  in. 
analyzing.  The  system  of  sieves  used  enabled  the  party  to  do  this  work  perfectly. 
The  work  was  inspected  by  you  in  person  on  July  15, 1881.  The  computed  discharges* 
and  other  calculations,  with  maps  of  reach,  chart  showing  deduced  curves  of  dis- 
charge, velocity,  and  areas ;  also  sketches  showing  portable  sled-house  and  dredge ;: 
also  photofiraph  of  electric  plant  in  actual  working  position,  are  all  appended  to  tnisi 
report.  The  discharge  data,  with  map  of  reach  and  curve  chart,  appeared  in  the« 
progress  report  of  the  Comiuission  for  1881.  The  necessity  of  beginning  the  work  om 
the  Lower  Mississippi  as  soon  as  possible  after  closing  the  work  at  Winona  prevented: 
this  report  from  accompanying  the  data  mentioned  at  that  time. 

In  conclusion,  I  desire  to  acknowledge  the  yaluablo  assistance  rendered  by  my- 
recorder,  Mr.  Hiram  Phillips,  who  i>erformed  all  his  duties  in  a  manner  worthy  of  th» 
highest  commendation  I  can  give  him. 

Very  respectfully,  your  obedient  servant, 

JOHK  EWENS, 

A89iatani  Engineer^ 

Pint  Lieut.  Smith  S.  Leach, 

Secretary  Misaieeippi  River  CommiseUm, 


7.— At  Hannibal,  Mo.,  Hoscer  P.  Rtfter,  Assistant,  in  CHABOEr 
(NOTB.— Besolts  in  Seport  of  Commiasloii  for  1882,  page  188.) 

Office  Mississippi  River  Commission, 

Saint  Louis,  Mo.,  October  8,  1883. 

Sir  :  I  have  the  honor  to  snbmit  herewith  a  report  on  the  observations  of  the  gangl- 
ing party  stationed  at  Hannibal,  Mo.,  from  October,  1880,  to  October,  1881. 

In  accordance  with  instructions  received  from  you,  I  left  Saint  Louis  October  9,, 
1880,  and  proceeded  to  the  mouth  of  the  Des  Moines  River  to  make  a  reconnaissance* 
for  a  favorable  location  for  obtaining  the  discharge  of  the  Mississippi  River  below  thet 
mouth  of  the  Des  Moines  River. 

I  arrived  at  Warsaw,  HI.,  October  11^  and  proceeded  at  once  to  make  a  reoonnais* 
sauce  of  the  river  in  this  vicinity.  On  October  15 1  received  your  communication  in- 
forming me  that  the  Commission  had  examined  the  following  location,  i.e.,  500  feet 
above  the  Hannibal  bridge  and  connecting  with  the  Sny  Levee,  and  found  it  welfi 
adapted  for  a  gauging  station,  and  that  it  should  be  occupied  unless  a  decidedly  bet- 
ter one  be  discovered. 

I  started  immediatly  for  Hannibal,  Mo.,  and  after  examining  the  location  indicated^ 
I  decided  to  locate  there,  finding  it  well  adapted  for  gauging  purposes. 

A  preliminary  survey  of  the  locality  was  then  made ;  the  discharge  section  estab- 
lished ;  range  polls  and  targets  erected ;  slope  gauges  established  and  put  up ;  the* 
necessary  plant  collected ;  the  wire  anchorage  laid  and  the  electrical  float  apparatu» 
put  together.  Everything  being  ready,  observations  were  commenced  November  12^ 
1880,  and  continued  until  October  24,  1881,  when  orders  were  received  to  discontinue 
the  observations.  The  party  consisted  of  one  recorder  and  two  boatmen,  with  an^ 
additional  boatman  during  high  water. 

Location  of  the  section.— Thct  section  was  located  500  fe<  t  above  the  Hannibal  bridges 
"  il  tof  —--....—  


aud  parallel  to  the  same.  The  Mississippi  River  at  this  point  is  very  narrow,  being: 
only  1,SOO  feet  wide  at  low  water ;  1,500  feet  at  a  bank-full  stage,  and  2,r.r>0  feet  at  ex- 
treme high  water,  1,0(  0  feet  of  the  latter  width  being  the  distance  from  the  left  bank. 
to  the  Sny  Levee^  this  distance  being  covered  only  a  few  feet  in  depth  daring  higlk 
water.  On  the  right  bank  the  bluns  run  close  to  the  river.  The  deepest  water  ins 
the  section  was  about  30  feet,  at  low  water,  distant  about  400  feet  from  the  rightr. 
bank.  The  bottom  of  the  river  was  uniform,  sloping  from  each  bank  towards  the^ 
deepest  part.    The  path  of  the  current  was  normal  to  section. 

ifature  of  the  observations. — ^The  observations  made  during  the  season  consisted  of  r 
(1)  A  measurement  of  the  river's  discharge,  taken  every  available  day.  (2)  Slope» 
of  the  river  surface  for  a  distance  of  2,(^00  feet  above  and  2,000  feet  below  the  dis- 
charge-section. (3)  Sediment  samples  of  the  water  taken  at  difierent  points  in  tho' 
section  at  various  stages,  to  determine  the  amount  of  sediment  carried  in  suspension*. 
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(4)  Dredfi^iDg,  obtaining  specimens  of  the  bottom  of  the  river,  to  determine  material 
and  cbunges  in  material.    (5)  Tri-daily  readings  of  the  water-gauge. 

Discharge, — Discbarge  observations  with  the  rod-float  plant  were  commenced  No- 
vember 11,  and  were  continued  November  12,  13,  and  15.  These  observations  bad  to 
be  discontinued,  with  the  exception  of  December  13  and  14,  on  account  of  running  ice, 
until  the  river  froz/b  over,  which  occurred  on  December  29.  From  January'  3  to  March 
10,  inclusive,  discharge  observations  were  taken  bv  cutting  holes  in  the  ice  and  using 
a  current-meter.  After  the  ice  had  broken  up  and  ceased  running  (April  7),  the  wire 
anchorage  was  a^ain  put  in,  and  the  discharge  observations  with  roa-float  plant  re- 
sumed, and  continued  to  October  12,  when  observations  Li  the  station  were  discon- 
tinued. During  the  season  94  discharges  were  obtained,  29  of  which  were  meter  dis- 
charges. The  discharge  observations  were  reduced  and  computed  during  the  season, 
and  the  results  forwarded  to  the  office  at  Saint  Louis,  Mo.  Taking  a  discharge  con- 
sisted in  obtaining  a  cross-section  of  the  river  bjr  means  of  soundings,  and  determin- 
ing the  velocity  of  the  current  at  various  points  in  the  section.  The  soundings  were 
taken  either  with  a  pole  or  a  lead-line,  and  were  25  feet  apart.  A  20-pound  iSbA  was 
nsed.    Velocities  were  taken  every  100  feet  by  means  of  rod-floats  or  current-meter. 

)n  determining  velocities  by  means  of  rod -floats  6  rods  were  run  to  each  station,  and 
a  mean  taken  for  the  observed  velocity  at  that  point.  When  the  current-meter  was 
used  a  mid-depth  and  an  integrated  velocity  were  taken  at  each  station. 

In  reducing  and  computing  rod  discharges,  the  observed  velocities  of  the  rods  were 
reduced  to  the  meftn  velocity  in  the  vertical  section  by  Francis'  formula,  i.  e. : 

in  which  •^=<  1-0- 116[  V^-«- 1]  ) 

t^  =  mean  velocity, 
vss  observed  velocity. 
D  ss  depth  of  water. 
D'  =  immersion  of  rod. 

The  cross-section  was  divided  into  partial  areas  by  ordinates  midway  between  the 
observing  stations.  The  mean  of  the  result  of  rods  run  at  any  station  was  multiplied 
into  the  corresponding  partial  area,  Jind  the  partial  discharges  thus  obtained  were 
added  together  for  the  total  discharge.  The  latter  quantity  was  divided  by  the  total 
cross-section  for  the  mean  velocity  of  the  river.  The  meter  discharges  were  com- 
puted in  the  same  manner,  with  the  exception  that  a  mean  of  the  mid-depth  and  in- 
tegrated velocity  at  each  station  was  multiplied  into  its  corresponding  partial  oross- 
aection. 

In  taking  discharges  with  rod  floats,  the  following  plant  was  nsed,  the  principal 
features  being  the  wire  anchorage,  the  electrical  float  apparatus,  and  the  rod  floats; 

The  wire  anchorage  consisted  of  a  No.  9  steel  wire  running  across  the  river  and 
fastened  at  each  shore.  From  this  cross-wire  anchor  wires  ran  up  stream  every  100 
feet.  The  anchor  wires  were  200  feet  long,  one  end  being  fastened  to  tbe  cross- wire 
and  the  other  to  a  large  stone  weighing  nom  two  to  threie  hundred  pounds.  When 
not  in  use,  this  wire  system  lay  at  the  bottom  of  the  river. 

The  electrical-float  apparatus  used  was  rigged  in  the  following  manner:  Across  the 
stern  of  a  22  foot  skiff  is  bolted  an  outrigger  20  feet  long  and  five  inches  wide,  which 
is  graduated  to  feet.  From  the  extremities  of  this  outrigger  two  wires,  each  100 
leet  long,  supported  on  battens,  trail  down  stream,  and  to  their  lower  ends  is  attached 
another  similar  strip  supportea  on  three  buoys ;  the  upper  and  lower  strips,  together 
with  the  two  side  wires,  forming  a  parallelogram  20  by  100  feet.  On  the  up-stream 
face  of  the  lower  outrigger  is  fasten^  a  strip  of  sheet  copper  one  inch  wide  extending 
the  whole  length  of  theooard.  In  front  of  the  above  copper  strip  is  stretched  a  sim- 
ilar copper  band,  supported  at  each  end  on  wooden  bridges. 

The  strip  of  copper  which  is  fastened  to  the  face  of  the  lower  outrigger  is  con- 
nected with  an  insulated  wire  running  along  one  of  the  wires  forming  the  parallelo- 
gram, and  the  copper  band  in  front  oi  the  strip  is  connected  with  a  similar  insulated 
wire  running  along  the  other  wire  of  the  parallelogram.  The  two  insulated  wires 
lead  into  the  upner  skiff,  where  they  are  connected  with  a  battery  and  electric  bell. 
At  the  middle  or  the  lower  outrigger  is  attached  a  skiff  used  in  catching  the  floats. 
The  rods  used  were  cylindrical  in  shape,  1^  inches  in  diameter  and  from  3  to  25  feet 
in  length.  To  the  bottom  of  the  rods  were  attached  tin  cans  of  the  same  diameter  as 
the  rods  and  from  12  to  30  inches  long.  These  cans  were  tilled  with  shot,  thus  enabl' 
ing  the  rods  to  float  in  an  upright  position.  A  discharge  with  the  float  apparatus 
was  taken  in  the  following  manner:  The  apparatus  having  been  gotten  ready,  the 
Bhore-end  of  the  cross- wire  was  raised  and  put  over  the  bow  of  the  upper  skiff,  where 


/ 
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it  ran  otot  a  wheel.  The  whole  apparatus,  consisting  of  upper  skiff,  side  lines,  and 
lower  skiff,  was  then  moTed  along  the  cross- wire.  At  every  25  feet  halt  was  made 
and  a  sounding  taken.  When  a  yelocity  station  was  reached,  which  was  every 
hundred  feet,  being  also  where  one  of  the  anchor  wires  ran  up  stream,  the  skiff  was 
made  fast  and  velocity  observations  taken  in  the  following  manner :  A  rod  float  was 
taken  and  weighted  so  as  to  run  as  near  as  possible,  without  touching,  to  the  bottom, 
and  allow  from  one  to  two  feet  projecting  above  the  surface  of  the  rivor.  It  was  then 
put  into  the  water  at  the  head  of  tne  skiff  and  allowed  to  float,  and  as  it  passed  under 
the  upper  outrigger  a  stop-watch  was  started.  At  the  instant  the  float  struck  the 
lower  outrigger  the  stop-watch  was  stopped  and  the  time  taken.  The  striking  of  the 
float  was  announced  in  the  upper  skiff  by  means  of  the  electric  beM,  a  circuit  being 
formed  by  means  of  the  two  copper  strips  on  the  lower  outrigger  coming  in  contact 
when  the  float  struck  it.  Both  outriggers  were  graduated  from  1  to  20  feet,  and  as 
a  float  passed  under  the  npper  one,  the  number  under  which  it  passed  was  noted, 
likewise  the  number  on  the  lower  outrigger  where  it  struck  was  noted.  If  the  num- 
bers were  the  same,  the  distance  traveled  by  the  float  was  100  feet,  the  path  of  the 
float  being  parallel  to  the  sides  of  the  rectangle.  If  the  direction  of  the  float  was 
either  to  one  side  or  the  other,  the  departure  was  denoted  by  the  difference  of  the  two 
readings,  on  the  upper  and  lower  outrigger,  and  the  distance  traveled  by  the  float 
computed.  After  a  sufficient  number  or  floats  had  been  run  at  a  station,  the  whole 
apparatus  was  moved  along  the  wire  to  the  next  station,  100  feet  distant,  and  the  vel- 
ocity observations  repeated,  halt  having  been  made  every  25  feet  to  take  a  sounding. 
The  above  observations  were  repeated  at  each  successive  station  until  the  other  side 
of  the  river  was  reached. 

During  the  time  that  the  river  was  frozen  over,  the  current  observations  for  the 
discharge  were  taken  with  a  current-meter.  Holes  were  cut  through  the  ice  every  25 
feet,  covering  the  whole  width  of  the  river.  Through  the  holes  soundings  and 
velocity  observations  were  taken.  The  velocity  stations  were  100  feet  apart  and  in 
the  same  places  as  before,  i.  e.,  when  the  float  apparatus  was  used.  The  apparatus 
used  for  the  current  observations  consisted  of  a  modified  Ellis  meter,  an  electrical 
battery  of  two  cells,  an  electric  register,  a  stop-watch,  a  mushioom  anchor,  to  which 
is  attached  a  i-inch  wire  rope  on  which  the  meter  was  let  up  and  down,  and  75  feet 
of  insulated  copper  wire.  In  taking  velocity  observations  through  holes  cut  in  the 
ice,  the  meter  was  let  down  on  a  vertical  wire;  this  vertical  wire  was  held  on  the 
bottom  of  the  river  by  means  of  a  mushroom  anchor,  the  upper  end  being  fastened 
to  a  stake  in  the  ice.  The  meter  was  let  down  by  means  of  a  wire  around  which  was 
twisted  the  insulated  wires,  forming  the  circuit  between  the  meter  and  the  battery 
and  register.  Mid-depth  velocities  were  taken  by  letting  the  meter  down  to  the  re- 
quired depth  and  allowing  it  to  run  from  three  to  five  minutes,  the  number  of  revo- 
lutions as  recorded  by  the  register  being  put  down  at  the  end  of  each  minute. 

Integrated  velocities  were  taken  by  moving  the  meter  at  a  continuous  uniform  rate 
from  top  to  bottom  and  back  to  surface,  time  and  number  of  revolutions  being  re- 
corded at  starting,  arrival  at  bottom,  and  return  to  surface.  The  meter  was  rated  at 
beginning  and  tested  several  times  during  the  period  that  the  meter  was  used. 

8lope-gauge8. — The  slope-gauges  were  read  on  71  different  days,  extending  from  June 
11,  l&l,  to  October  12, 1881.  The  slope-gauges  had  been  erected  the  previous  Novem- 
ber, but  were  continually  knocked  out  by  ice  and  lumber  rafts.  After  June  11  no 
trouble  was  experienced.  The  gauses,  9  in  number,  were  placed  on  the  Illinois  side 
of  the  river,  4  above  and  4  below  tne  discharge-section,  the  remaining  one  being  on 
the  discharge- section.    They  were  set  by  means  of  a  level,  and  were  frequently  tested. 

The  horizontal  distance  between  each  gauge  was  500  feet,  embracing  in  all  4,000 
feet  of  the  river. 

The  gauges  used  were  of  the  vertical  type,  graduated  to  feet  and  tenths,  and  the 
readings  estimated  t^  hundredths.  They  were  read  as  near  simultaneously  as  possi- 
ble, the  entire  party  being  distributed  along  the  line,  reading  the  gauges  at  a  given 
signal. 

Sediment, — Sediment  was  taken  73  times  at  various  intervals  from  December  3, 
1880,  to  October  12,  1881,  the  intervals  depending  on  the  turbidity  of  the  river. 
Dnring  high  stages  the  observations  were  taken  daily,  and  during  lower  stages,  when 
the  river  contain^  little  or  no  sediment,  once  a  week.  In  taking  sediment,  the  section 
was  divided  into  6  equi-distant  stations.  At  each  station  6  samples  of  2  ounces  of 
water  were  taken  by  means  of  the  slip-bottle,  two  samples  from  the  surface,  two  from 
mid-depth,  and  two  from  the  bottom.  The  samples  of  water  were  put  in  bottles  and 
sent  to  the  Saint  Louis  office,  where  they  were  analyzed  and  the  amount  of  sediment 
determined. 

Dredging, — ^From  January  5,  1881,  to  October  14,  thirty-nine  consecutive  sets  of 
dredgings  were  taken  to  determine  the  change  in  the  material  composing  the  bottom 
of  the  river  at  the  section.  The  section  was  dredged  once  a  week.  Specimens  of  the 
bott4)m  of  the  river  were  taken  from  seven  different  points  in  the  section  at  each 
dredging  from  January  5  to  Biareh  7. 
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From  March  24  to  October  14  nine  different  points  in  the  section  were  taken,  two 
more  Rtatlons  being  added  on  the  Illinois  side  of  the  rlTor. 

From  January  5  to  March  7,  the  dredgings  were  made  through  holes  cut  in  the  ice  in 
the  manner  described  below.  From  Marcn  24  to  October  14,  the  dredging  was  done 
from  a  skiff,  by  means  of  a  canvas  bag  surrounding  an  iron  frame^  to  which  a  rope 
was  attached. 

The  stations  used,  with  the  addition  of  the  two  mentioned  above,  were  the  same  as 
previous  dredgings. 

A  specimen  of  the  bottom  of  the  river  obtained  by  each  dredging  was  kept,  dried, 
and  analyzed. 

The  specimens,  324  in  number,  put  in  tin  boxes  and  labeled,  were  forwarded  to  Saint 
Louis,  Mo.  The  specimens  were  analyzed  in  the  field,  and  the  rcHults,  in  tabular  form, 
comprising  3i)sheets,  forwarded.  When  dredging  through  holes  in  the  ice  the  following- 
described  dredge  was  found  to  answer  the  purpose.  It  consisted  of  a  cylinder  of 
sheet-iron  18  inches  long  and  6  inches  in  diameter,  open  at  one  end  and  closed  at  the 
other.  A  strip  of  wrought  iron  1  by  ^  by  20  inches  was  riveted  to  the  outside  (length- 
wise) of  the  cylinder,  and  allowed  to  proiect  a  few  inches  beyond  the  open  end.  To 
this  strip  was  screwed  a  rod  made  of  half-inch  gas-pipe.  The  rod  was  composed  of 
sections,  each  7  feet  long,  with  gas-pipe  couplings  for  screwing  together,  thereby  per- 
mitting the  rod  to  be  lengthened  or  shortened,  as  the  depth  required. 

The  section  nearest  the  cylinder  was  bent  upwards  at  an  angle  of  about  130^,  allow- 
ing the  cylinder  to  be  pulled  along  the  bottom,  scooping  up  the  material.  The  dredge 
was  let  into  the  water-cylinder — end  down  stream.  In  pulling  it  up  to  the  surface, 
the  cylinder  assumed  a  perp^endicular  position,  thereby  enabling  the  material  from  the 
bottom  to  be  brought  up  without  undergoing  any  change  by  having  the  smaller  par- 
ticles washed  out.  The  dredge  was  found  to  work  without  £ul  every  time  and  at  all 
depths  in  the  section. 

Very  respectfully,  your  obedient  servant, 

HOMBR  P.  RiTTBR, 

A$tS^ttmt  Engineer. 
First  Lieut.  Smith  S.  Leach, 

Secretary  Miseise^pi  Biver  CommiseUm, 


&— At  Osavton,  III.,  J.  H.  Davis,  AssiSTAirr  nr  CHABaa. 

(ZTon.— BMnlta  in  Beport  of  Commiiwlon  for  1882,  page  14S.) 

Offiob  Mississipfi  Riyeb  CoioaasiON, 

Saint  Louis,  Mo.,  July  13, 1883. 

Sib  :  I  have  the  honor  to  submit  the  following  report,  on  the  observations  at  Graf- 
ton, Illinois,  made  from  October  15,  1880,  to  October  25, 1881. 

The  scene  of  operations  was  reached  by  the  assistant  about  the  middle  of  October. 
There  was  neither  material  nor  assistance  at  hand,  so  that  little  more  than  locating 
oonld  be  done  during  the  first  week.  Upon  the  arrival  of  two  boatmen,  a  reconnais- 
sance of  the  most  ^vorable  portion  of  the  river  was  made,  for  the  purpose  of  locating 
a  gauging  section.  Upon  the  arrival  of  C.  L.  Harrison,  reconler,  the  party  was  com- 
plete, consisting  of  assistant,  recorder,  and  two  boatmen.  There  was  a  good  deal  of 
preliminary  work  to  be  done  in  putting  up  gauges,  constructing  plant,  putting  iu 
anchorage,  laying  off  ranges  ana  putting  up  signals.  Owing  to  the  fact  that  no 
instruments  were  famished,  and  the  material  and  tools  were  delayed,  much  time 
was  lost  unnecessarily  in  this  work.  Most  of  it  had  to  be  done  with  borrowed 
utensils.  Finally,  on  the  13th  of  November,  the  preparations  had  advanced  suffi- 
ciently to  measure  a  discharge  by  the  method  of  plant  set  forth  in  the  instructions. 

The  serial  work  consisted  of— 

1st.  X>ischarge  observations. 

2d.  Sediment  observations. 

3d.  Dredgins  observations. 

4th.  Slope  observations. 

5th.  Determining  vertical  velocity  corvee. 
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STATEMKMT* 

The  discharge  observations  were  made  daily,  when  practicable,  Sunday  excepted. 
Dariug  the  year  191  discharges  were  measared.  They  were  distributed,  by  method^ 
as  follows : 

By  double  floats,  located  with  transit c!0 

By  rod  float-s,  located  with  transit 25 

By  double  floats,  with  plant tt 

By  rod  floats,  with  plant i^ 

By  double  floats,  not  located 26 

By  current  meter - 15 

Total 19J 

The  sediment  observations  were  very  irregular  in  the  early  port  of  the  season. 
Soon  after  the  work  began,  the  boats  stopped  running  on  account  of  ice,  and  did  not 
resume  until  March.  During  this  period  there  was  no  way  of  forwarding  specimens, 
and  so  none  were  taken.  After  the  boats  commenced  running  again,  sediment  waa 
taken  daily,  with  few  exceptions,  until  August,  when  it  was  taken  weekly.  Several 
omissions  occurred  on  account  of  the  shipping-boxes  not  being  promptly  returned. 
During  the  ^ear  98  sets  of  samples  were  taken  and  forwarded  to  the  otnce. 

The  dredgings  were  taken  monthly,  after  and  including  March.  The  iustructiona 
to  take  them  were  not  received  till  late  in  December,  andjt  was  impossible  to  obtain 
samples  during  the  months  of  January  and  February.  Ten  sets  of  specimens  were 
taken  and  forwarded  to  the  office. 

The  slope  observations  were  made  daily  when  more  important  work  did  not  occupy 
the  full  time.  A  large  number  of  the  observations  were  rendered  worthless  by  the 
gaugra  being  destroyed  before  a  level  was  obtained  with  which  to  connect  (hem. 
About  125  sets  of  serviceable  observations  were  made. 

The  vertical  velocity  observations  were  made  with  the  meter  duriof^  the  ice  period. 
During  the  mouth  of  January  119  curves  were  determined  at  13  different  stations 
across  the  river. 

Discharge  observations. — As  already  stated,  the  tirst  discharge  was  taken  on  Novem- 
ber 13 ;  another  was  taken  on  the  15th,  both  being  by  the  plaut  method.  On  the  16tb 
of  November  the  ice  commenced  to  flow  in  large  quantities,  and  from  that  date  till 
March  7  the  river  was  not  clear  of  it. 

After  a  few  days  of  ininning  ice  the  river  blocked,  but  did  not  freeze  over.  For 
several  weeks  there  were  immense  fields  of  ice  that  covered  more  than  half  the  river, 
but  were  not  solid  enough  to  work  upon.  This  continued  through  December^  during 
which  time  it  was  imposiiible  to  measure  discharges.  As  soou  as  the  river  became- 
Bolid  in  January,  the  meter  was  brought  into  immediate  use.  The  ice  remained  solid 
till  the  2d  of  February,  and  the  meter  was  employed  up  to  that  time ;  there  were  a 
few  omissions  owing  to  repairs  needed  on  the  instrument.  Although  the  ice  becauie 
too  weak  for  further  work  upon  it  early  in  February,  it  did  not  break  away  till  the 
last  of  the  month.  Meanwhile  no  discharges  could  be  measured.  As  soon  as  thu  ice 
commenced  to  flow,  discharges  were  taken  by  timing  ice  chunks,  a  few  floats  being 
run  where  a  skiff  could  be  handled.  The  distances  were  all  estimated  by  guess. 
After  the  ice  stopped  running,  the  use  of  double  floats  was  continued  until  a  new  an- 
chorage could  be  put  in  and  arrangements  made  for  using  the  i)lant ;  during  March 
and  April,  twenty-six  sets  of  observations  were  made  in  this  way.  On  the  5th  of 
April  the  anchorage  was  completed  aud  the  original  method  by  plant  resumed.  By 
this  time  the  river  was  becoming  very  high.  After  five  sets  of  observations  were 
made  with  the  plant  the  anchorage  was  swept  away  by  the  swelling  volume  of  wator. 
Repeated  efforts  were  made  to  replace  it.  Several  wires  were  stretched  across  tho 
river,  but  were  broken  before  being  used ;  some  of  the  breaks  were  occasioned  by 
logs  catching  on  them  near  shore.  Finally,  upon  witnewing  the  wire  break  in  mid- 
stream from  the  force  of  the  current  alone,  all  efforts  to  keep  it  in  were  abandoned. 
Upon  an  urgent  request  a  transit  was  furnished  the  party,  and  on  April  16  the  first 
set  of  observations  was  made  with  double  floats  located  from  shore.  This  method 
was  kept  up  till  the  middle  of  July,  ninety-one  discharges  having  been  taken  in  thia 
way. 

About  the  middle  of  July,  free  rods  were  substituted  for  double  floats,  the  river  then 
being  low  enough  to  handle  them  conveniently.  This  was  not  practicable  in  high 
water,  with  a  skiff  party  of  only  two  boatmen,  who  had  to  manage  the  skiff,  haudlo 
the  floats,  take  and  record  the  soundings.  Free  rods  were  used  and  located  with 
transit  until  August,  25  discharges  being  taken.  On  the  19th  of  August  the  plant 
method  was  resumed,  the  river  having  become  sufficiently  low  to  make  it  practicable. 
Rods  were  now  used  exclusively.  This  method  was  kept  up  till  the  4th  of  October,, 
thirty-eight  discharges  having  been  taken.    By  the  1st  of  October  the  river  had  again 
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risen  bank  fnll,  and  as  a  result  the  ancborage  was  again  carried  away.  Several  nn- 
uuccessful  attempts  were  made  to  pnt  in  a  new  one.  At  this  time  the  party  oon- 
Bisteil  of  an  assistant  and  two  boatmen,  the  recorder  having  been  assigned  to  other 
duties.  After  spending  nearly  two  weeks  in  trying  to  put  in  a  new  anchorage,  it  was 
considered  useless  to  make  any  further  effort  until  the  river  should  fall. 

The  party  was  now  too  small  to  resume  any  of  the  other  methods  employed,  bo  it 
was  decided  to  occupy  the  time  in  running  some  additional  levels  to  check  the  slope 
gauges,  and  to  connect  the  daily  gauge  with  a  precise  level  bench. 

On  the  l.'>th  of  October,  instructions  were  received  to  close  the  work  on  the  85th  of 
October,  and  report  at  the  office  at  the  earliest  convenience.  ^ 

Desonpiian  of  metkoda  employed  in  dieeharge  meatwremenU. 

1st.  By  planf.— The  method  described  in  your  report  contained  in  the  progress  re- 
port of  the  Commission  for  1882^  was  not  materially  departed  from.  In  case  of  an 
up-stream  or  cross-stream  wind,  it  was  found  necessary  to  drop  a  small  anchor  at  the 
stern  of  the  lower  skiff,  in  order  to  keep  the  side  wires  stretched.  The  immersion  of 
rod  required  at  each  station  was  determined  by  longitudinal  soundings  made  about 
throe  times  a  week. 

2d.  By  double  floate.—Thej  were  located  instrumentally  on  two  ranffee  100  feet 
apart.  The  angles  were  taken  with  a  transit  stationed  at  the  end  of  a  940-foot  base. 
Telegraphio  signals  were  given  at  the  time  of  the  floats  crossing  the  ranges.  The 
observer  determined  when  the  float  reached  the  range,  bv  sighting  across  a  vertical 
wire  kept  in  line  with  a  signal  on  the  opposite  side  of  the  river.  A  pair  of  binocu- 
lars was  used  to  enable  him  to  see  the  float  distinctly ;  the  wire  and  signal  could  also 
be  seen  at  the  same  time.  The  observer  that  gave  signals  also  timea  the  float  with 
a  stop-watch.  Soundings  were  taken  upon  eacn  of  the  ranges  by  one. of  the  boatmen, 
who  also  acted  as  recoraer.  The  boatmen  also  manipulated  the  floats.  The  skiff 
was  kept  directly  behind  the  float,  and  the  soundings  were  taken  in  its  path. 

In  the  observations  made  without  the  use  of  a  transit,  the  distance  of  the  float 
from  shore  was  estimated  by  guess  by  an  observer  in  the  skiff.  Only  four  or  five 
points  in  the  section  were  estimated  in  this  way,  the  others  being  interpolated.  A 
surprising  degree  of  accuracy  was  attained  in  this  way,  as  shown  by  the  regular 
increase  of  the  water  area  for  that  period,  horn  the  first  of  March  to  the  mid£e  of 
April.  The  velocities,  depending  to  considerable  extent  upon  the  corresponding 
stage  of  the  Missouri  River,  do  not  increase  so  regularly. 

3a.  By  the  current  meter. — ^This  method  was  employed  when  the  river  was  frozen 
over.  Twelve  stations  were  located  at  equal  intervals  across  the  river.  At  each 
station  a  hole  was  out  in  the  ice  sufficiently  large  for  lowering  the  meter  and  the 
accompanying  apparatus.  The  meter  was  clamped  to  a  foot-piece  that  worked  on  a 
standing  wire  attached  to  a  weight  that  rested  on  the  bottom.  The  met«r  was  low- 
ered on  the  wire  by  means  of  a  cord,  graduated  so  that  any  desired  depth  could  be 
reached.  The  greatest  river  depth  at  that  time  was  about  14  feet,  so  that  the  meter 
«ould  be  lowered  to  the  bottom  with  peiffect  ease.  At  each  of  the  stations  the  work 
consisted  of  velocities  at  mid-depth  and  by  integration,  and  also  at  all  depths,  wLeu 
it  was  desired  to  take  a  vertical  curve.  At  mid-depth  the  meter  was  run  several 
minutes,  being  timed  for  each  minute  separately.  The  integration  was  taken  from 
the  surface  to  the  bottom  and  return.  In  this  the  time  and  revolutions  of  the  meter 
were  taken  at  the  bottom  without  stopping  the  motion  of  the  meter.  A  uniform 
movement  was  maintained  during  the  integrations  by  letting  out  and  taking  in  the 
•cord  regularly  by  hand.  It  was  impossible  to  use  a  reel  for  uiis  purpose  on  account 
•of  the  cord  becoming  frozen  soon  after  reaching  the  surface.  To  prevent  the  meter 
from  becoming  covered  with  ice  when  changing  stations,  it  was  immersed  in  a  tub 
of  water.    The  adjustments  had  to  be  made  under  water. 

Bating. — ^The  meter  was  rated  in  the  following  manner :  A  longitudinal  cut  a  foot 
wide  and  about  150  feet  in  length  was  made  in  the  ice  of  a  pond  containing  water  1^ 
to  2  feet  in  depth.  The  meter  was  clamped  to  an  iron  rod,  secured  in  a  vertical  posi- 
tion at  the  front  end  of  a  sled  that  was  made  to  run  astride  the  longitudinal  opening. 
Two  flanges  were  placed  inside  of  the  runners  and  made  to  move  along  the  opening 
to  prevent  the  sled  from  turning  either  to  the  right  or  left.  A  uniform  movement  of 
the  sled  was  obtained  by  pushing  it,  the  men  taking  even  steps  meanwhile.  The  meter 
being  clamped  on  the  rod  was  immersed  to  a  depth  of  about  1  foot.  That  was  con- 
sidered sufficient,  as  there  was  little  disturbance  of  the  surface  water  during  the  ope- 
ration. The  meter  was  timed  over  a  distance  of  100  or  125  feet.  A  ratine  consisted 
of  from  20  to  30  observations,  the  rates  varying  from  i  to  8  feet  per  secona.  During 
the  use  of  the  meter  there  were  5  ratings  made. 

Sediment  observationB. — Samples  were  taken  at  8  points  on  the  gauging  section.  They 
were  taken  at  the  surface,  at  mid-depth,  and  near  the  bottom.  These  were  combined 
vertically  and  horizontally.  The  vertical  combination  for  any  station  contained  two 
ounces  at  each  depth  placed  in  one  bottle.    Eight  bottles  were  thus  required  for  one 
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day's  Kamples.  In  the  horizontal  combination,  two  onnoen  of  each  of  the  sorface 
samples  were  placed  in  one  bottle,  two  onnces  of  each  of  the  mid-depth  samples  were 
placed  in  a  second  bottle,  and  two  ounces  of  each  of  the  bottom  samples  were  placed 
in  a  third  bottle.  Three  bottles  were  thas  reqnired  for  a  day's  samples.  The  bottles 
containing  the  samples  were  sealed,  properly  labeled,  and  forwarded  to  the  office  at 
regalar  intervals.    The  analysis  was  made  ander  your  supervision. 

DrtdgiHg  o&«emfHm«.— The  samples  were  taken  with  a  bucket  designed  and  con- 
structed during  tne  progress  of  the  work.  It  was  of  the  following  construction : 
Two  of  its  faces  wen^  trapezoids,  the  remaining  four  being  rectangles.  The  bottom 
was  considerably  enlarged  in  one  direction.  The  height  was  about  one  and  a  half 
times  any  other  dimension.  The  bucket  had  a  bail  and  a  hinged  lid,  so  connected 
that  the  lid  was  closed  when  the  bucket  hung  vertically.  Upon  incliniug  the  bucket 
the  lid  was  thrown  open.  The  bucket  was  so  balanced  that  when  empty  it  hun^  at 
an  angle,  the  lid  being  open.  Upon  filling  it  with  any  heavy  material  a  vertical 
position  was  assumed,  the  lid  then  being  closed.  There  was  also  a  strip  of  iron 
nveted  across  the  bottom,  that  caused  the  bucket  to  fall  forward  upon  reaching  the 
bottom.  In  this  position  it  was  easily  filled.  Upon  lifting  it  up  a  vertical  position 
was  assumed,  the  lid  closed,  and  the  sample  preserved.  The  backet  was  made  water- 
tight so  as  to  hold  the  finest  material.  The  backet  was  lowered  while  drifting,  and 
filled  by  rowing  a  few  strokes  down-stream.  The  boat  was  then  held  up  somewhat 
by  backing,  until  the  bucket  was  brought  to  the  surface.  The  apparatus  worked 
with  entire  satisfaction.  The  samples  were  taken  at  six  stations,  distributed  at 
equal  intervals  across  the  river;  fh)m  1  to  2  pints  were  preserved.  They  were  placed 
in  tin  cans,  which  were  carefully  closed,  packed  in  a  large  box  and  forwarded  to  the 
office.    No  analysis  was  made  of  them  in  the  field  for  want  of  a  miscrosoope. 

Slope  ohserrationB. — ^The  method  of  obtaining  sIox>e  was  by  making  simnltaneoos 
readings  on  a  series  of  gauges,  erected  at  regnlar  intervals  along  shore.  For  this 
purpose,  9  gauges  were  erected  500  feet  apart,  extending  for  a  distance  of  2,000  feet 
above  and  below  the  gauging  section.  The  gauges  were  graduated  to  half  tenths  of 
a  foot,  and  by  means  of  a  vernier  could  be  read  to  thousandths,  approximately.  In 
taking  the  readings,  a  box  was  placed  around  the  gauge,  that  extended  about  2  feet 
below  the  surface.  The  water  was  admitted  through  a  small  aperture  in  the  bottom 
of  the  box.  In  this  way,  jsurface  waves  were  kept  away  from  the  gauge  while  being 
read.  In  reading  the  gauges,  the  force  was  divided  into  two  parties,  each  one  having 
a  skiff.  One  party  went  to  the  upper  gauge.  A,  and  the  other  to  the  middle  gauffe, 
£.  Upon  a  signal  passing,  both  parties  commenced,  and  read  down-stream  as  rapidly 
as  possible.  Gauge  E  was  read  a  second  time  by  the  upper  party  upon  reaching  it. 
Having  been  read  at  starting  by  the  lower  party,  any  change  that  haa  occurred  coald 
be  detected,  and  corrections  made  accordingly  on  all  the  readings.  Unfortunately, 
a  good  deal  of  work  in  this  connection  was  lost,  on  account  of  having  no  level  till 
late  in  the  summer.  All  the  gauges  that  had  been  read  previous  to  March  17  were 
destroyed  by  ice,  no  connection  having  been  made.  These  were  on  the  Illinois  shore. 
A  new  set  was  erected  on  the  Biissouri  shore  about  March  17.  A  great  number  of 
gauges  had  to  be  put  in  at  each  station  as  the  river  went  down,  when  a  new  one 
was  put  up,  it  was  checked  by  the  one  previously  in  use.  In  this  way  a  continuous 
set  of  gauge  readings  was  obtained  at  most  of  the  stations,  until  a  level  was  received 
about  July  15,  and  connection  made.  However,  many  of  the  gauge  rods  were 
slightly  disturbed,  at  times,  by  caving  banks  and  floating  logs.  For  this  reason,  the 
slope  for  short  reaches  cannot  be  implicitly  relied  on  in  all  cases.  The  slope  for  the 
whole  reach  will  be  found  more  reliable,  as  the  errors  ate  not  large  enough  to  mate- 
rially affect  the  total  fall. 

Vertioal  velocity  curves, — These  were  taken  with  the  meter,  during  the  ice  season, 
and  in  connection  with  the  discharge  work.  The  velocities  were  obtained  by  taking 
minute  observations,  at  points  one  foot  apart,  from  the  surface  to  the  bottom.  The 
highest  point  was  taken  Just  below  the  under  surface  of  the  ice.  The  lowest  point 
was  about  one  foot  from  the  bottom.  The  meter  was  lowered  as  in  the  discharge 
work,  the  immersion  being  obtained  from  the  graduation  of  the  lowering  cora. 
Curves  were  taken  at  each  of  the  twelve  stations  used  in  measuring  discharges. 
Three  curves  were  taken  at  a  station  located  in  deeper  water  than  any  found  on  the 
discharge  section. 

RE.MARKS. 

After  the  observations  were  fairly  begun  in  January,  the  greater  part  of  the  time 
of  both  assistant  and  recorder  was  required  in  the  field.  All  the  spare  time  was 
occupied  in  computing  velocities  and  discharges.  With  the  exception  of  about  two 
weeks,  when  the  assistant  was  away,  the  velocities  were  computed  in  the  field.  About 
70  discharges  were  also  computed.  The  remainder  of  the  computations^  the  tabula- 
tion and  ])Tottiug,  were  done  in  the  office  under  your  immediate  supervision.  During 
the  latter  part  of  November,  and  nearly  the  whole  of  December,  no  field  work  could 
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be  done  except  to  attend  to  the  slope  gauges.  The  remainder  of  the  time  of  the  assist- 
ant and  recorder  was  oconpied  in  compnting  some  tables  for  redncine  velocities. 
In  this  way  much  time  was  saved  in  the  computations  made  during  the  working 
season.  Mr.  C.  L.  Harrison,  recorder,  was  an  able  and  reliable  assistant.  During  my 
leave  of  absence,  extending  from  the  12th  to  the  29th  of  September,  he  was  in  full 
charge  of  the  observations,  and  executed  the  work  with  entire  satiflfaction.  The  as- 
sistant labored  under  great  disadvantages,  owing  to  the  location  of  the  station.  It 
was  frequently  impracticable  to  carry  out  the  instructions.  In  this  case,  the  method 
was  pursued  that  seemed,  in  the  Judgment  of  the  assistant,  best  adapted  to  the  cir- 
cumstances. 

Respectfully  submitted. 

J.  H.  Davis, 

A$9i8tant  EngiMer. 

Pirst  Lieut.  Smith  S.  Lbacu, 

Secretary  MiniwipTpi  River  ComminUm. 


9.— Probablr  Dischabgbs  of  the  Mississippi  River  at  Various  Points,  During 

THE  Years  1881  and  1882. 

Table  ehawing  daily  dieoharge  of  the  Mississippi  River  at  Presoott,  Wie.,  January  1,  lOS^iif 

to  January  1,  1883.  • 

[Computed  fh>ra  the  gange  readiogs  by  a  fonniila  dodure<l  from  dincharge  observatioDS  at  the  same 

poiut  in  1881.] 

Notk.->As  fho  Prescott  gauge  waa  Dot  read  tn  1882,  the  eang^  readinjis  at  Hastings,  Minn.  (3  miles 
aboTe  Prescott),  were  taken,  alter  corrections  for  slope  ana  changes  of  slope. 


Discbarge 

Discharge 

in  1,000 
cnbio  foet 

Discharpe 

Date. 

Gauge. 

In  1,000 
cubio  feet 

Date. 

Gauge. 

Date. 

Gauge. 

in  1.000 
onbic  fec't 

per  second. 

per  second. 

per  second. 

188S. 

1882. 

1882. 



Jan.     1 

180.8 

18 

Feb.  15 

180.4 

17 

iApr.     1 

184.2 

33 

8 

180.9 

18 

16 

180.4 

17 

1     *"       2 

184.7 

35 

3 

181.0 

10 

17 

180.4 

17 

8 

185.2 

37 

4 

181.2 

19 

18 

180.5 

17 

4 

185.7 

39 

6 

181.4 

20 

*            10 

180.5 

17 

5 

186.2 

42 

e 

181.6 

20 

20 

180.5 

17 

6 

186.7 

40 

7 

181.6 

21 

21 

180.6 

17 

7 

187.2 

r:o 

8 

181.7 

21 

22 

180.6 

17 

8 

lf«7.7 

54 

9 

18L9 

22 

i            23 

180.7 

18 

9 

188  2 

50 

10 

1R1.8 

22 

1            24 

180.7 

18 

10 

1P8.7 

63 

11 

181.8 

22 

25 

180.6 

17 

11 

180.2 

68 

12 

181.7 

21 

20 

180.5 

17 

12 

180.7 

73 

18 

181.0 

21 

27 

180.4 

17 

18 

100.8 

80 

14 

1H1.7 

21 

28 

•180.5 

17 

14 

190  2 

79 

15 

181.7 

21 

Mar.    1 

180.5 

17 

15 

190.1 

78 

10 

181.7 

21 

2 

180.9 

18 

16 

189.0 

75 

17 

181.7 

21 

8 

181.3 

20 

17 

189.8 

74 

18 

181.0 

21 

4 

181.8 

22 

18 

189.7 

73 

19 

18L0 

21 

5 

182.2 

24 

19 

189.0 

72 

20 

181.0 

21 

8 

182.7 

25 

20 

180.0 

72 

21 

18L0 

21 

7 

183.2 

28 

21 

189.5 

71 

28 

181.0 

21 

8 

188.2 

28  , 

22 

188.4 

70 

28 

18L5 

20 

9 

183.2 

28' 

23 

180.3 

69 

24 

181.4 

20 

10 

183.1 

27 

24 

189.2 

68 

25 

181.8 

20 

11 

183.0 

27 

25 

189.1 

67 

20 

18L4 

20 

12 

182.8 

28 

20 

189.1 

67 

27 

18L6 

20 

18 

182.7 

25 

27 

189.0 

60 

28 

181.4 

20 

14 

182.0 

25 

28 

189.0 

G6 

29 

181.8 

20 

15 

182.4 

24 

29 

189.0 

fiO 

80 

181.3 

20 

16 

182.2 

24 

30 

188.9 

65 

1.    '^ 

181.2 

19 

17 

182.1 

28 

May     1 

188.6 

08 

Fsb.     1 

181.2 

19 

18 

182.1 

23 

188.5 

G2 

181.2 

19 

19 

182.1 

23 

188.3 

00 

181.1 

19 

20 

182.1 

23 

18a2 

59 

181.0 

19 

21 

182.2 

24 

188.0 

57 

180.9 

18 

22 

182  2 

24 

187.8 

.*« 

1H0.9 

18 

23 

182.1 

28 

187.6 

RS 

18a  8 

18 

24 

182.2 

24 

8 

187.4 

52 

180.8 

18 

25 

182.3 

24 

g 

187.2 

50 

180.7 

18 

20 

182.8 

24 

10 

187.4 

r.2 

10 

180.7 

18 

27 

182.4 

24 

187.0 

53 

11 

160.0 

17 

28 

182.7 

25 

12 

188.1 

58 

12 

180.0 

17 

20 

1^3.1 

27 

18 

188.0 

03 

18 

180.5 

17 

80 

183.4 

28 

189.2 

68 

14 

180.5 

17 

81 

188.8 

80l 

15 

189.8 

74 
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DAto. 

Orage. 

DiMhwge 

inl^OOa 
cable  feet 
peraeoand. 

Date. 

Oauge. 

onbiofeet  ' 

Bate. 

Oange. 

Diaoharge 

in  1,000 
oabic  feet 

1862. 

1882. 

1882L 

May  10 

189.7 

73 

Ang.    1 

18&1 

27 

Oct    17 

179.6 

18 

17 

189.6 

72 

^   2 

183.0 

27 

18 

179.5 

18 

18 

189.4 

70 

8 

182.9 

26 

19 

179.6 

13 

19 

189.2 

68 

4 

182.9 

26 

20 

17a  4 

13 

20 

189.0 

66 

5 

182.9 

26 

21 

179.2 

12 

21 

188.7 

68 

6 

182.7 

25 

22 

179.2 

12 

22 

18&5 

62 

7 

182.5 

25 

28 

179.1                   12 

23 

18&8 

60 

8 

182.2 

24 

24 

179.0 

12 

24 

188.8 

60 

9 

182.0 

28 

25 

17a  8 

11 

25 

18&8 

60 

10 

18L8 

22 

26 

17a  8 

11 

26 

isas 

60 

11 

181.6 

21 

27 

17a  8 

U 

27 

188.8 

60 

12 

181.5 

20 

28 

17a7 

10 

28 

18&2 

59 

18 

181.4 

20 

29 

17a  6 

10 

28 

18a  0 

57 

14 

18L8 

20 

80 

17a  7 

10 

80 

187.9 

56 

16 

181.2 

19 

81 

17a  9 

11 

81 

187.7 

54 

16 

18L2 

19 

Nov.    1 

17a  9 

11 

June   1 

187.7 

54 

17 

18L1 

19 

i7a9 

U 

187.6 

58 

18 

18L0 

19 

i7a9 

U 

187.4 

62 

19 

18a  9 

18 

I7a7 

10 

187.8 

51 

20 

180.8 

18 

17a  5 

10 

187.2 

50 

21 

180.7 

18 

17a  7 

10 

187.1 

50 

22 

181.0 

19 

17a  9 

10 

187.0 

49 

23 

181.0 

19 

17a  9 

11 

186.7 

46 

24 

181.0 

19 

17a  9 

11 

186.4 

48 

25 

180.9 

18 

179.0 

u 

10 

1H6.2 

42 

26 

181.2 

19 

179.2 

12 

U 

18&0 

41 

27 

181.5 

20 

179.2 

12 

12 

185.7 

89 

28 

181.6 

21 

179.1 

12 

18 

185.4 

38 

29 

181.7 

21 

14 

179.1 

12 

U 

185.2 

87 

80 

181.6 

21 

15 

179.0 

12 

16 

185.0 

86 

81 

181.5 

20 

179.0 

12 

16 

184.7 

35 

Sept    1 

181.1 

17 

179.0 

12 

17 

184.5 

84 

2 

180.  H 

nao 

12 

18 

184.3 

83 

8 

180.6 

17a  8 

11 

19 

184.0 

82 

4 

160.2 

20 

17a  8 

11 

20 

184.2 

83 

5 

179.8 

21 

17a  7 

11 

21 

184.4 

84 

6 

179.6 

22 

17a  6 

10 

22 

186.7 

8P 

7 

179.4 

23 

17a  4 

10 

28 

185.0 

86 

8 

179.2 

24 

17a  8 

0 

24 

185.5 

38 

9 

179.0 

25 

17a  2 

9 

25 

186.0 

41 

10 

17a  8 

26 

17a  0 

0 

26 

186.6 

45 

11 

178.6 

27 

177.8 

9 

27 

187.1 

60 

12 

17K5 

28 

177.6 

8 

28 

187.4 

62 

18 

17a  3 

29 

177.8 

7 

29 

187.7 

54 

14 

17a  2 

80 

177.1 

7 

30 

187.7 

54 

15 

17a  1 

Dea     ) 

17a  9 

6 

-July    1 

187.7 

54 

16 

17a  0 

2 

17a  8 

0 

2 

187.7 

54 

17 

177.9 

8 

.      17a  6 

5 

3 

187.6 

58 

18 

177.8 

4 

176. 0 

5 

187.6 

58 

19 

177.7 

5 

17a  6 

5 

187.5 

58 

20 

177.6 

6 

17a  6 

5 

187.8 

61 

21 

177.5 

7 

17a  5 

6 

187.0 

49 

22 

177.4 

8 

17a  6 

5 

186.9 

48 

28 

177.8 

9 

17a  4 

5 

187.0 

49 

24 

177.8 

10 

17a  3 

5 

10 

187.0 

49 

25 

177.8 

11 

17a  2 

4 

U 

187.1 

60 

28 

177.2 

12 

17a  2 

4 

18 

187.2 

60 

27 

177.3 

18 

17a  2 

4 

18 

187.8 

51 

28 

177.2 

14 

17a  2 

4 

14 

186.9 

48 

29 

177.2 

16 

17a  2 

4 

15 

186u6 

45 

80 

177.2 

16 

17a  8 

5 

16 

186.8 

48 

Oct     1 

177.2 

17 

i7a4 

5 

17 

180. 1 

41 

177.2 

18 

17a  5 

5 

18 

185.7 

89 

177.8 

19 

17a  6 

6 

10 

186.4 

38 

177.8 

20 

17a  6 

5 

20 

18&1 

87 

177.4 

21 

17a  6 

5 

21 

184.8 

85 

177.4 

22 

17a  8 

6 

22 

184.5 

84 

177.5 

28 

177.1 

7 

23 

184.2 

83 

177.7 

24 

177.9 

9 

24 

188.9 

81 

177.9 

25 

177.6 

8 

25 

183.7 

80 

10 

17a  2 

26 

177.7 

8 

26 

183.6 

29 

11 

17a5 

10 

27 

177.8 

8 

27 

183.5 

29 

12 

17a7 

10 

28 

1T7.9 

9 

28 

183.5 

29 

18 

17a  9 

11 

29 

nao 

9 

29 

183.4 

28 

14 

179.1 

12 

80 

17a  0 

9 

80 

188.8 

28 

15 

179.8 

18 

81 

17a  1 

0 

81 

188L8 

28 

16 

179.4 

18 
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Table  9ho»ing  daily  diacharge  of  the  Mi$9i$Hppi  Biver  at  Win<mat  Minn.,  January  1, 1882^ 

to  January  1, 1883. 

fCompated  from  the  gauge  readings  by  a  formula  dedaoed  from  dlaoharge  obaeirations  at  the  some 

point  in  1881.1 


Discbarge 

Diseharge 

Dischnrgo 

Date. 

Gauge. 

in  1,000 
cubic  feet 

Date. 

Gauge. 

in  1,000 
cubic  feet 

Data. 

Gteuge. 

inl.OUO 
cubic  feet 

per  second. 

per  second. 

1882. 

, 

1882. 

1882. 

Jan.     1 

437.8 

80 

Mar.  16 

48&2 

86 

May  29 

442.7 

76 

2 

43&0 

89 

17 

43ai 

85 

30 

442.6 

74 

439.8 

48 

18 

438.0 

85 

81 

442.6 

74 

440.1 

60 

19 

48&1 

86 

June   1 

442.5 

78 

440.1 

60 

20 

48a  1 

86 

2 

442.4 

72 

440.2 

61 

21 

43a  2 

86 

8 

442.3 

71 

440.6 

64 

22 

43&8 

87 

4 

442.3 

71 

440.8 

66 

23 

43a  8 

'  87 

6 

442.3 

71 

440.8 

66 

24 

48a2 

86 

6 

442.1 

69 

10 

440.8 

66 

26 

43a  1 

86 

7 

442.0 

68 

U 

440.9 

67 

26 

48ai 

86 

8 

442.0 

68 

12 

44a8 

66 

27 

43a  2 

86 

0 

441.9 

•7 

18 

440.6 

64 

28 

48a6 

88 

10 

441.8 

66 

14 

440.4 

63 

29 

43a7 

89 

11 

441.7 

65 

16 

489.8 

48 

30 

439.8 

44 

12 

44).  5 

63 

le 

489.4 

46 

81 

489.8 

48 

18 

441.3 

61 

17 

48a8 

87 

Apr.    1 

440.1 

60 

14 

441.2 

60 

18 

438.1 

86 

2 

440.2 

51 

16 

441.0 

58 

19 

43&6 

89 

8 

440.8 

62 

16 

440.8 

56 

20 

489.3 

44 

4 

440.4 

58 

17 

440.5 

54 

21 

4394 

46 

6 

440.8 

66 

18 

440.3 

52 

22 

439.7 

47 

6 

441.4 

62 

19 

440.1 

50 

28 

489.6 

46 

7 

441.6 

64 

20 

439.9 

49 

24 

439.8 

44 

8 

442.7 

76 

21 

489.6 

46 

25 

489.2 

-    44 

9 

443.6 

84 

22 

439.6 

46 

20 

489.1 

48 

10 

444.2 

90 

28 

489.8 

48 

27 

43a9 

41 

11 

444.7 

96 

24 

440.2 

51 

28 

439.0 

42 

12 

446.1 

100 

25 

440.3 

52 

20 

43a7 

89 

18 

445.4 

104 

26 

440.4 

58 

30 

437.6 

82 

14 

445.4 

104 

27 

441.0 

58 

31 

43&2 

36 

16 

445.2 

101 

28 

441.7 

65 

7eb.     1 

43a  6 

89 

16 

445.0 

09 

29 

442.1 

69 

2 

438.8 

40 

ir 

444.8 

97 

3U 

442.3 

71 

3 

438.7 

39 

18 

444.6 

95 

July    1 

442.3 

71 

4 

488.7 

39 

19 

444.3 

91 

2 

442.3 

71 

5 

438.6 

39 

20 

444.1 

89 

3 

442.3 

71 

0 

438.6 

89 

21 

444.0 

88 

4 

442.4 

72 

7 

43&6 

89 

22 

44a  8 

86 

5 

.   442.3 

71 

8 

438.6 

89 

23 

443.8 

86 

6 

442.1 

69 

9 

43&6 

88 

24 

443.8 

86 

7 

442.1 

69 

10 

438.5 

88 

26 

443.8 

86 

8 

442.1 

69 

U 

48&4 

87 

26 

443.6 

64 

9 

442.1 

09 

12 

438.6 

39 

27 

443.6 

84 

10 

441.9 

67 

18 

43a7 

89 

28 

443.6 

84 

11 

441.8 

66 

14 

43a  6 

89 

29 

443.6 

84 

12 

441.8 

66 

15 

438.6 

39 

30 

443.4 

82 

13 

441.7 

65 

16 

43a  7 

89 

May     1 

443.4 

62 

14 

441.7 

65 

17 

43a  8 

40 

2 

443.2 

80 

16 

441.7 

65 

18 

439.1 

48 

3 

443.1 

79 

16 

441.7 

65 

10 

439.7 

47 

4 

443.0 

78 

17 

441.7 

65 

20 

440.2 

61 

5 

443.0 

78 

18 

441.7 

65 

21 

439.4 

46 

6 

442.8 

76 

19 

44L5 

63 

22 

439.7 

47 

7 

442.0 

74 

20 

441.1 

59 

23 

440.1 

60 

8 

442.4 

72 

21 

440.8 

56 

24 

440.3 

62 

9 

442.8 

71 

22 

440.6 

55 

25 

440.4 

63 

10 

442.3 

71 

23 

440.2 

51 

26 

440.2 

61 

11 

442.8 

71 

24 

440.0 

50 

27 

440.7 

56 

12 

442.3 

71 

26 

439.8 

48 

28 

440.7 

66 

13 

442.4 

72 

26 

439.6 

40 

Mar.    1 

439.8 

48 

14 

442.9 

77 

27 

439.6 

46 

2 

439.0 

42 

15 

443.8 

86 

28 

439.3 

44 

3 

43a  6 

39 

16 

444.6 

95 

29 

439.1 

43 

4 

438.6 

39 

17 

444.8 

97 

80 

439.0 

42 

6 

438.0 

89 

18 

444.7 

96 

31 

489.0 

42 

6 

43a  8 

40 

19 

444.6 

95 

Aug.    1 

438.9 

41 

7 

48a  9 

41 

20 

444.4 

92 

2 

43a  9 

41 

8 

439.0 

42 

21 

444.2 

90 

8 

438.9 

41 

0 

439.0 

42 

22 

444.0 

88 

4 

43a  9 

41 

10 

43a  8 

40 

23 

444.4 

02 

5 

43a  8 

40 

11 

43a  7 

80 

24 

443.5 

83 

6 

4da9 

41 

12 

43a  6 

39 

25 

443.  3 

81 

7 

439.0 

42 

13 

43a  5 

38 

26 

443.2 

80 

8 

430.0 

42 

14 

43a  4 

87 

27 

443.3 

81  , 

9 

43a  8 

40 

16 

43a  8 

37 

1            28 

442.8 

76  1 

10 

48a6 

39 
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Table  showing  daily  discharge  of  the  Miesisiippi  Biver  at  Winona,  Jlfimt.— Coutinued. 


DUoharge  , 

in  1,000 
cubic  feet 

Discharge 

in  1,000 
cable  feet 

1 

Discharge 

Date. 

Gauge. 

Date. 

Gauge. 

Date. 

Gange. 

in  1,000 
cubic  feet 

per  second. 

per  second. 

per  second. 

1882. 

1882. 

1882. 

Aug.  U 

438.3 

87  ' 

Sept.  28 

486.3 

24 

Nov.  15 

487.9 

M 

*   12 

488.2 

36 

29 

436.8 

24 

16 

437.9 

34 

18 

43ao 

85 

80 

436.5 

26 

17 

48&2 

36 

14 

437. 8 

83 

Oct.      1 

486.5 

25 

18 

438.3 

37 

15 

437.8 

33 

2 

486.8 

24 

19 

488.4 

87 

16 

437.7 

38 

8 

486.2 

28 

20 

438.1 

36 

17 

437.6 

82 

4 

486L1 

28 

21 

488.1 

35 

18 

437.5 

81 

6 

486.1 

28 

22 

488.0 

86 

IS 

487.2 

29 

6 

43&1 

28 

28 

487.9 

34 

ao 

4S7.8 

80 

7 

486.2 

28 

24 

487.8 

88 

SI 

487.8 

80 

8 

486.5 

25 

26 

487.7 

88 

93 

487.8 

80 

9 

436.7 

26 

26 

437.4 

81 

28 

4S7.8 

80 

10 

436w8 

26 

27 

437.8 

80 

U 

487.8 

80 

11 

436w9 

27 

28 

487.2 

29 

26 

437.2 

29 

12 

437.3 

80 

29 

486.9 

27 

26 

487.6 

82 

18 

437.8 

88 

80 

486.8 

26 

27 

488.1 

85 

14 

48&1 

85 

Deo.     1 

436.7 

26 

28 

488.8 

87 

15 

438.8 

87 

2 

436.4 

24 

20 

43&6 

89 

16 

43&7 

89 

8 

436.3 

24 

80 

48a8 

40 

17 

438.9 

41 

4 

436.2 

28 

81 

489.0 

42 

18 

430.0 

42 

6 

436.2 

28 

8«pl   1 

480.0 

42 

19 

439.1 

43 

6 

436u0 

22 

439.1 

43 

20 

4.39.1 

48 

7 

487.7 

33 

430.1 

43 

21 

439.1 

43 

8 

437.7 

88 

438.9 

41 

22 

439.2 

44 

9 

437.8 

88 

438.8 

40 

23 

439.2 

44 

10 

437.0 

84 

438.5 

88 

24 

439.0 

42 

11 

437.9 

34 

43a2 

36 

26 

48&7 

89 

12 

43a  2 

36 

438.1 

35 

26 

48a5 

88 

13 

438  3 

87 

437.9 

34 

27 

438.3 

87 

14 

438.6 

89 

10 

487.8 

33 

28 

43&2 

36 

15 

438.7 

39 

11 

437.7 

33 

29 

438.2 

86 

16 

488.6 

39 

12 

437.0 

32 

30 

43a  1 

85 

17 

43a6 

89 

18 

437.3 

80 

81 

437.9 

34 

18 

4ia8 

40 

14 

437.3 

30 

Nov.    1 

437.0 

84 

10 

43a9 

41 

15 

437.3 

30 

2 

437.9 

84 

20 

439.1 

43 

16 

437.3 

80 

8 

437.8 

33 

21 

439.3 

44 

17 

487.2 

29 

4 

437.8 

83 

22 

439.4 

45 

18 

437.1 

28 

5 

437. 7  • 

83 

23 

439.5 

46 

19 

486.9 

27 

6 

437.7 

83 

24 

439.5 

46 

20 

436.8 

26 

7 

437.7 

83 

25 

439.3 

44 

21 

436.8 

26 

8 

437.7 

88 

26 

439.3 

44 

22 

436.8 

26 

9 

437.7 

88 

27 

439.2 

44 

28 

43&6 

25 

10 

437.7 

38 

28 

439.0 

4i 

24 

436.6 

25 

11 

437.7 

33 

29 

43a  9 

41 

26 

436.4 

24 

12 

437.8 

88 

80 

43a  8 

40 

26 

436w4 

24 

18 

437.9 

84 

81 

43a6 

89 

27 

43&8 

24 

14 

137.9 

84 

Table  shounng  daily  ^charge  of  the  Mississippi  Biver  at  Hannibal,  Mo.,  Jcfnuary  1,  1882, 

to  January  1,  1883. 

[Cbmpnted  from  the  gauge  readings  by  a  formula  deduced  from  .discharge  observations  at  the  same 

point  in  1881.] 


Date. 

Gauge. 

oubio  feet 
per  second. 

Date. 

Gauge. 

Discharge 

lnl,00fli 
cubio  feet 

Date. 

Gteuge. 

Discharge 

in  1,000 

cubio  feet 

per  second. 

1B81 

1882. 

1882. 

Jan.    1 

7a5 

95 

'Jan.   13 

76i5 

56 

Jan.  25 

75.1 

52 

77.8 

'  85 

'            14 

76.2 

53 

26 

74.4 

45 

77.3 

78 

1            15 

75.0 

51 

27 

74.6 

47 

77.2. 

77 

16 

74.7 

48 

28 

7a  1 

52 

77.0 

74 

1            17 

74.3 

44 

29 

74.4 

45 

75.8 

59 

18 

74.3 

44 

30 

7a  1 

52 

76i2 

53 

^           19 

7a6 

36 

31 

7a  6 

57 

75.2 

53 

20 

73.6 

36 

Feb.     1 

7a4 

55 

7&0 

51 

21 

74.1 

42 

2 

7a  2 

53 

10 

74.8 

49 

22 

74.3 

44 

3 

7a  3 

54 

11 

74.8 

49 

23 

74.7 

48 

4 

7a  7 

58 

12 

75.2 

53 

24 

74.8 

40 

5 

7a  8 

59 

2f>72      REPORT   OF   THE    CHIEF   OF   ENGINEERS,  U.  8.  ARMT. 

Table  showing  daily  discharge  of  ike  MUiieeifipi  Bher  at  Hannibdlf  Mo.,  ^o,— Continned. 


Dttte. 

OftogOw 

Diacharge 

in  1,000 
oabio  feet 
perseoond. 

Dftte. 

Ckmge. 

Discharge 

in  1,000 
oabio  feet 
perseoond. 

Date. 

Gauge. 

Discbarge 

in  1,000 
cubic  feet 
perseoond. 

1882. 

1882. 

1888. 

Feb.    0 

76.9 

00 

Apr.  24 

8&5 

247 

July  10 

84.0 

206 

7 

70.1 

08 

26 

87.2 

208 

11 

84.2 

106 

8 

7&8 

06 

26 

87.9 

280 

12 

84.0 

192 

9 

70.2 

04 

27 

88.2 

287 

13 

to.  7 

186 

10 

76.9 

00 

28 

88.2 

287 

14 

83.4 

180 

11 

76.8 

69 

29 

87.8 

278 

15 

83.1 

174 

12 

75.8 

60 

80 

87.6 

271 

16 

82.9 

170 

18 

70.0 

02 

Hay    1 

87.1 

201 

17 

82.0 

104 

14 

76.0 

02 

86.7 

251 

18 

82.2 

150 

16 

76.8 

69 

80.2 

240 

19 

82.0 

152 

10 

76.9 

00 

80.0 

236 

20 

81.0 

144 

17 

70.1 

08 

86.7 

229 

21 

81.2 

138 

18 

76.2 

04 

85.7 

229 

22 

80.7 

130 

19 

70.8 

06  lift          7 

86.4 

244 

23 

80.4 

125 

20 

70.4 

vw 

8 

87.2 

268 

24 

80.1 

120 

21 

77.0 

^74 

9 

87.0 

278 

26 

79.9 

117 

22 

70.7 

70 

10 

87.0 

273 

26 

79.6 

111 

23 

70.1 

68 

11 

87.0 

278 

27 

79.4 

108 

24 

76.8 

69 

12 

87.8 

285 

28 

79.2 

104 

25 

76.0 

67 

18 

87.0 

258 

29 

79.1 

103 

20 

76.6 

60 

14 

87.0 

^ 

80 

79.0 

102 

27 

76.8 

64 

15 

80.8 

81 

79.1 

103 

28 

76.8 

64 

10 

88.6 

247 

Aug.    1 

79.8 

104 

Hw.    1 

76.7 

68 

17* 

80.0 

230 

79.2 

104 

70.2 

04 

18 

85.5 

225 

79.0 

102 

70.7 

70 

19 

84.9 

211 

7&8 

99 

77.2 

77 

20 

84.8 

198 

78.9 

101 

77.7 

84 

21 

88.7 

180' 

79.2 

104 

78.1 

89 

22 

88.1 

174 

7&9 

101 

7a4 

94 

28 

82.5 

102 

79.0 

102 

7a7 

08 

24 

82.1 

154 

7a  0 

96 

7a9 

101 

26 

82.2 

156 

.        1® 

7a5 

96 

10 

79.9 

117 

20 

82.8 

158 

i'i     11 

7a2 

91 

11 

79.9 

U7^  f         27 
116    1           28 

83.2 

176 

'        13 

T7.9 

87 

12 

79.8 

84.7 

207 

18 

77.0 

82 

18 

79.7 

118 

29 

86.7 

229 

14 

77.8 

78 

14 

79.6 

110 

80 

86.8 

242 

16 

77.2 

77 

16 

79.8 

106 

81 

88.6 

247 

16 

77.2 

77 

10 

79.1 

103 

June   1 

86.4 

244 

17 

7a9 

72 

17 

79.8 

100 

86.5 

247 

18 

7a7 

70 

18 

79.4 

108 

88.0 

249 

19 

7a  0 

09 

19 

80.0 

119 

80.9 

255 

20 

7a  5 

68 

90 

80.8 

124 

87.8 

368 

21 

7a4 

68 

21 

80.4 

126 

87.2 

268 

.01       22 

7a  4 

66 

22 

80.8 

124 

86.7 

251 

23 

7a8 

65 

28 

80.4 

126 

85.8 

281 

24 

7a2 

*" 

24 

80.4 

126 

85.0 

214 

26 

7a  1 

^63 
^02 

26 

80.4 

126 

10 

84.2 

180 

26 

7a  0 

26 

80.4 

126 

11 

84.0 

102 

27 

7a8 

59 

27 

80.2 

122 

12 

84.7 

207 

28 

7a  0 

67 

28 

80.2 

122 

13 

85.8 

220 

29 

7ao 

57 

29 

80.1 

120 

14 

85.9 

283 

80 

7a  0 

57 

80 

80.8 

124 

15 

85.8 

231 

81 

7a  0 

57 

81 

80.7 

180 

10 

86.0 

227 

Sept    1 

7a6 

66 

▲pr.    1 

81.0 

184 

17 

85.2 

218 

7a5 

66 

2 

81.1 

186 

18 

84.5 

208 

7a5 

66 

8 

81.2 

188 

19 

88.7 

188 

7ao 

67 

4 

81.8 

189 

20 

88.2 

170 

7a7 

58 

6 

81.8 

189 

21 

82.7 

100 

7a8 

69 

0 

81.8 

139 

22 

82.9 

170 

7ai 

68 

7 

81.8 

139 

28 

82.4 

100 

7a8 

66 

8 

8L0 

144 

24 

82.4 

100 

7a  5 

08 

9 

82.0 

162 

26 

82.7 

100 

10 

7a  4 

66 

10 

82.0 

164 

26 

83.0 

172 

11 

7a8 

65 

11 

82.9 

170 

27 

84.2 

106 

12 

7a2 

64 

12 

88.0 

172 

88 

85.2 

218 

18 

7a  2 

64 

18 

88.2 

176 

29 

80.5 

247 

14 

7a  0 

62 

14 

8&8 

178 

80 

87.6 

273 

16 

7a  9 

60 

16 

6:1.4 

180 

Joly    1 

8&1 

Z 

10 

7a  7 

68 

10 

88.4 

180 

88.4 

17 

7a  0 

67 

17 

83.6 

182 

88.2 

287 

18 

7a  5 

66 

18 

88.6 

182 

87.9 

280 

19 

7a  6 

66 

19 

83.0 

184 

87.4 

208 

20 

7a  8 

64 

20 

88.9 

190 

86.9 

256 

21 

7a  2 

68 

21 

84.3 

198 

86.2 

240 

22 

7ao 

51 

22 

84.8 

209 

85.2 

»8 

28 

74.8 

49 

28 

86.0 

227 

84.9 

211 

24 

74.7 

48 

APPENDIX  XT — ^REPOKT  OP  MISSISSIPPI  BIVEB  COMMISSION.      2673 
Table  ahnohig  daily  diwAarge  of  the  Misiiasippi  Biver  at  Hannibal,  Mo.,  fe, — ContloQed. 


DAtO. 

Gauge. 

DlBohftrge 

in  1,000 
eabiofeet 
peraeoond. 

Bate. 

Gauge. 

eabiofeet 
peraeoond. 

Date. 

Ga:nge. 

DlBcharge 

inl,00(r 

onbicfeet 

pereeoond. 

1882. 

1882. 

1882. 

Sept.  25 

74.6 

47 

Oct.   28 

77.2 

77. 

Not.  80 

77.0 

74 

26 

74.5 

46 

20 

77.2 

77 

Deo.    1 

76.7 

70- 

27 

74.4 

45 

80 

77.2 

77 

2 

76.6 

68.. 

28 

74.8 

44 

81 

77.2 

77 

8 

76.3 

65. 

20 

74.8 

44 

Nov.    1 

77.2 

77 

4 

76.2 

64 

80 

74.2 

48 

2 

77.1 

75. 

6 

76.0 

60* 

Oct     1 

74.2 

48 

8 

77.1 

75 

6 

75.8 

60> 

2 

74.2 

43 

4 

76.0 

72 

7 

7M 

52 

8 

74.2 

48* 

5 

76.7 

70 

8 

74.6 

AT 

4 

74.2 

48 

6 

76.6 

68 

0 

74.0 

41 

5 

74.1 

42 

7 

76.3 

65 

10 

'78.6 

or 

6 

74.1 

42 

8 

7&2 

64 

11 

72.6 

2X 

7 

74.1 

42 

0 

7&0 

62 

12 

7L6 

IT 

8 

74.1 

42 

10 

76.0 

62 

13 

71.7 

18: 

9 

74.1 

42 

11 

76.0 

62 

14 

72.2 

23; 

10 

74.2 

43 

12 

76.0 

62 

16 

72.1 

22 

11 

74.2 

43 

18 

75.0 

60 

16 

78.0 

31 

12 

74.4 

45 

14 

75.8 

50 

17 

7L0 

20' 

18 

74.7 

48 

15 

75.7 

68 

18 

72.0 

21 

14 

74.7 

48 

16 

75.6 

57 

10 

71.7 

1» 

15 

74  7 

48 

17 

76.2 

64 

20 

72.4 

25. 

16 

75.1 

52 

18 

76.4 

66 

21 

73.2 

83 

17 

75.6 

57 

10 

76.5 

68 

22 

74.0 

41 

18 

76.0 

62 

20 

76.6 

60. 

23 

74.8 

40* 

19 

76.2 

64 

21 

76.7 

70 

24 

76.1 

52^ 

20 

76.2 

64 

22 

76.7 

70 

25 

75.2 

68 

21 

7&2 

64 

23 

76.8 

71 

26 

75.6 

56t 

22 

76.8 

65 

24 

76.0 

72 

27 

75.6 

57 

28 

76.6 

60 

25 

77.1 

75- 

28 

75.0 

60 

24 

76.7 

70 

26 

77.1 

75 

20 

76.0 

62 

25 

76.0 

72 

27 

77.2 

77 

30 

76.0 

62 

26 

77.0 

74 

28 

77.2 

77 

81 

75.8 

.    6» 

27 

77.2 

77 

20 

77.2 

77 

TabU  9kowing  daily  ditcharge  of  the  MisHeeiitpi  River  at  Grafton,  III.,  January  1, 1882,. 

to  January  1, 1883. 

fCompnted  from  the  gauge  readings  by  a  formula  deduced  from  diaoharge  obeexrationa  at  the  aama* 

polntln  1881.1 


Date. 

Gauge. 

^i!r?ssr 

cubic  feet 
peraeoond. 

Date. 

Gauge. 

Diaoharge 

in  1.000 
cubic  feet 
peraeoond. 

Date. 

Gauge. 

cubic  feet 
peraeoond.. 

1882. 

1882. 

1882. 

Jan.     1 

28.7 

153 

Jan.   27 

18.8 

76 

Feb.  22 

20.7 

27a 

2 

28.0 

142 

28 

18.3 

75 

23 

20.2 

250 

22.6 

135 

20 

18.1 

73 

24 

26.2 

107 

S2.8 

131 

80 

17.0 

70 

25 

24.7 

170 

22.0 

126 

18.2 

74 

26 

22.0 

141 

2L7 

121 

Feb.     1 

18  8 

76 

27 

2L8 

122 

2L8 

115 

18.5 

77 

28 

2L8 

115 

21.0 

110 

18.8 

76 

Mar.    1 

21.7 

121 

2L1 

112 

18.2 

74 

2 

22.1 

127 

10 

2L0 

110 

18.7 

70 

8 

21.0 

124 

11 

20.0 

100 

18.7 

70 

4 

22.0 

126 

12 

2a7 

106 

la? 

70 

5 

22.2 

120 

18 

20.6 

105 

18.7 

79 

6 

22.5 

184 

14 

20.6 

105 

1&8 

80 

7 

22.7 

137 

15 

20.6 

105 

18.0 

81 

8 

28.0 

142 

16 

2ao 

06 

ia7 

70 

9 

23.8 

147 

17 

10.6 

00 

ia5 

77 

10 

24:2 

161 

18 

ia2 

86 

18.6 

78 

11 

25wl 

177 

10 

l&O 

81 

ia6 

78 

12 

2&6 

186 

20 

ia7 

78 

ia6 

78 

18 

26.4 

183 

21 

1&8 

75 

las 

77 

14 

26.0 

176 

22 

l&O 

78 

lao 

81 

15 

247 

170 

28 

17.0 

70 

18 

10.1 

84 

16 

244 

165 

24 

l&O 

72 

10 

10.8 

86 

17 

24.8 

163 

26 

1&8 

76 

20 

245 

167 

18 

24.2 

161 

86 

1818 

76 

21 

28.7 

247 

10 

242 

161 

6908  ^fv WW 


2674      REPORT   OF  THE   CHIEF   OF  ENGINEERS,  U,  8.  ARM7. 
Table  9hinBing  daily  iUicharife^f  the  Mia9i$ilppi  River  at  Grafton,  JU.,  ^.— Continiied. 


Bate. 

Ouge. 

Discharffe 

in  1,000 
eabiefeet 
per  second. 

Bate. 

Gauge. 

Diachargc 

enbiefeet 
perseconcL 

Date. 

Oange. 

Diacham 

in  1,000 
cnbioHBet 
peraeoond. 

1882. 

1882. 

1882. 

M«r.  20 

24.4 

106 

June   6 

82L0 

824 

Ang.  21 

1&8 

80 

21 

24.0 

108 

0 

82.0 

824 

22 

18.0 

78 

22 

26.1 

177 

7 

82.1 

820 

28 

1&5 

77 

28 

25.2 

179 

8 

82.1 

820 

24 

1&4 

70 

24 

25. 2 

179 

9 

81.9 

821 

26 

1&4 

70 

25 

25.2 

179 

10 

81.6 

812 

20 

1&4 

70 

20 

26.1 

177 

11 

8L2 

806 

27 

1&3 

76 

27 

25.1 

177 

12 

80.0 

290 

28 

lOwl 

78 

28 

25.0 

170 

18 

8a4 

286 

29 

17.9 

70 

29 

2&0 

170 

14 

80.4 

285 

80 

17.7 

08 

80 

26.1 

177 

15 

80.0 

290 

17.5 

00 

81 

25.1 

177 

10 

80.8 

296 

SepL    1 

17.7 

08 

Apr.    1 

26.1 

177 

17 

81.8 

807 

17.9 

70 

2 

25.2 

179 

18 

81.7 

817 

17.7 

08 

8 

25.8 

181 

19 

8t0 

814 

17.7 

08 

4 

26.6 

185 

20 

81.2 

805 

17.7 

08 

6 

25i0 

180 

21 

80.9 

297 

17.9 

70 

0 

25.6 

186 

22 

80.7 

292 

17.9 

70 

7 

2&6 

185 

28 

80.8 

283 

lai 

78 

8 

25.8 

181 

24 

80.1 

2Z9 

18.8 

76 

9 

25.0 

180 

26^ 

29.7 

270 

1&4 

70 

10 

25.6 

185 

20 

2!f.4 

283 

ia4 

70 

11 

25.8 

100 

27 

29.7 

270 

ia4 

70 

12 

20.1 

195 

28 

80.1 

279 

ia2 

74 

13 

20.4 

201 

29 

80.7 

292 

18.1 

78 

14 

26i8 

209 

80 

81.6 

812 

18.0 

72 

16 

27.1 

215 

July    1 

82.6 

880 

17.8 

00 

18 

27.4 

221 

2 

88.1 

850 

17.8 

09 

17 

27.6 

223 

8 

84.0 

874 

17.6 

00 

18 

27.9 

231 

4 

84.5 

887 

17.3 

04 

19 

27.8 

239 

5 

84.7 

892 

20 

17.2 

03 

20 

27.2 

217 

0 

84.7 

892 

21 

17.1 

02 

21 

27.1 

215 

7 

34.6 

887 

22 

16.9 

00 

22 

27.8 

219 

8 

84.2 

879 

23 

16.7 

68 

23 

28.3 

239 

9 

88.7 

886 

24 

16.0 

67 

24 

20.1 

257 

10 

83.0 

848 

26 

16.6 

60 

25 

2ao 

208 

11 

82.8 

881 

20 

10.4 

66 

20 

8a2 

281 

12 

31.7 

817 

27 

1&8 

64 

27 

80.0 

290 

18 

3a9 

207 

28 

10.1 

52 

28 

80.8 

295 

14 

80.2 

281 

29 

10.1 

62 

29 

81.1 

802 

15 

29.6 

200 

30 

10.0 

g 

•   80 

81.2 

806 

10 

28.9 

262 

Oet     1 

1&9 

May    1 

8L2 

806 

17 

28.3 

230 

16.9 

60 

2 

81.1 

802 

18 

27.9 

231 

15.8 

49 

8 

80.9 

207 

19 

27.4 

221 

16.7 

48 

4 

80.0 

290 

20 

27.0 

213 

15.7 

48 

5 

80.2 

281 

21 

20l6 

203 

16.7 

48 

0 

29.0 

208 

22 

25.2 

179 

15.0 

47 

7 

28.6 

243 

33 

24.8 

172 : 

15.0 

47 

8 

28.6 

243 

24 

24.0 

168; 

15.0 

47 

9 

80.3 

283 

1            25 

24.4 

1C5| 

16.0 

47 

10 

80.4 

285 

20 

24.0 

158 

16.7 

48 

11 

31.1 

302 

27 

23.5 

150 

15.7 

48 

12 

81.8 

807 

28 

23.1 

143 

15.7 

48 

18 

81  8 

807 

29 

22.8 

189 

15.9 

60 

14 

81.8 

807 

80 

22.0 

135 

16.2 

53 

15 

81.2 

805 

81 

22.3 

131 

10.3 

54 

10 

81.1 

302 

Ang.    1 

22.1 

127  1 

10.4 

65 

17 

8L0 

800 

2 

22.0 

126! 

\      18 

10.9 

60 

18 

80.0 

290 

8 

22.0 

120  1 

17.6 

00 

19 

80.7 

292 

1             4 

21.9 

124 ; 

20 

17.7 

08 

20 

80.4 

285 

1             6 

2L7 

121 

21 

17.8 

09 

21 

80.0 

277 

1             0 

21.7 

121 

22 

17.9 

70 

22 

2a6 

248 

1             7 

21.9 

124 

28 

l&O 

72 

28 

28.9 

262 

1             8 

21.9 

124  1 

24 

18.0 

72 

24 

28.1 

235 

9 

2L8 

122 

26 

lai 

73 

26 

27.9 

231 

10 

21.5 

118  1 

20 

l&l 

78 

28 

27.0 

218 

11 

21  2 

113 

27 

ia2 

74 

27 

27.1 

215 

12 

20.8 

108 

28 

1&4 

70 

28 

28.2 

237 

18 

20.4 

102 

29 

l&O 

78 

29 

2a8 

201 

14 

20.1 

97 

80 

18.7 

79 

80 

29.9 

274 

16 

19.9 

94 

81 

1&8 

80 

81 

80.6 

290 

10 

19.8 

98 

Not.    1 

18.9 

81 

JIIO0    1 

81.8 

807 

17 

19.7 

92 

ia9 

81 

2 

8L6 

812 

18 

19.5 

89 

1&8 

80 

8 

81.8 

819 

19 

19.2 

86 

ia7 

79 

4 

82.0 

824 

20 

19.0 

88 

lao 

78 

APPENDIX  TT — REPOBT  OP  MISSISSIPPI  KIVEB  COMMISSION.      2675 
TahU  9linwtng  dailf  dUdha/rge  of  ik€  MiUUtippi  River  at  QrafUmj  III,,  #-o.— Contioned. 


Date. 

Gwge. 

Diachftm 

inl^OOa 
cabtofeet 
per  Moond. 

Dftta. 

Oaoge. 

Dlflchaice 

In  1,000 
eoblofeet 
perteoond. 

DMe. 

Gftogew 

Diaobarge 

Inl^OOf 

eabiofeet 

por  MooncL 

1182. 

1882. 

1882. 

Not.  6 

18L5 

77 

Kov.28 

18.8 

80 

Deo.  14 

18L8 

81 

7 

1&2 

71 

26 

lao 

81 

16 

18L8 

81 

8 

lai 

"n 

27 

18.9 

81 

16 

14.0 

88 

0 

l&O 

72 

28 

19.0 

83 

17 

14.2 

84 

10 

17.8 

68 

29 

10.1 

84 

18 

14.2 

84 

11 

17.7 

68 

80 

10.2 

86 

10 

14.4 

86 

12 

17.6 

67 

Deo.  1 

10.8 

86 

20 

14.7 

88 

13 

17.7 

68 

2 

10.2 

85 

21 

14.7 

88 

14 

17.0 

70 

1&6 

77 

22 

15.1 

42 

15 

17.8 

68 

18.2 

74 

28 

16i9 

50 

16 

17.7 

68 

17.0 

70 

24 

16.4 

S 

17 

17.8 

60 

17.6 

66 

25 

1&9 

18 

17.8 

60 

17.2 

68 

26 

17.8 

64 

19 

l&l 

78 

16.7 

58 

27 

17.6 

66 

20 

1&2 

74 

16.2 

58 

28 

17.5 

66 

21 

1&4 

76 

10 

IS.  2 

48 

29 

17.6 

67 

22 

1&4 

76 

11 

148 

40 

80 

17.7 

68 

28 

1&6 

78 

12 

14.2 

84 

81 

17.7 

68 

24 

18.6 

78 

U 

14.0 

88 

TaJbU  showing  dmUy  diaeh^rge  itf  MittisHppi  Bher  at  FSUtan,  Tmn.,  Jaawary  1,  lUdl.to 

Janmarg  1, 1883. 

[Gompated  from  the  x«i«  VMdinn  by  a  fonnii]*  d«4poed  ftom  disobarge  obaenrBtkXDt  at  the  i 
point  extending  aom  Noyembor,  1870,  to  T" ^'~  "*'^  ' 


Non.— I  In  the  oolnmn  of  i 


>  NoTomber,  1880.] 
irks  meADS  that  gange-readinga  i^ere  interpolated. 


Diwsharge 

in  1,000 
onbiofiMt 

onbio  feel 

Date. 

GNnge. 

Bemaifcs. 

Date. 

Gaoge. 

Bemaiks. 

peraeoond. 

188L 

188L 

Jaa.     0 

167.86 

100 

Feb.  17 

182.68 

871 

10 

167.86 

lOO 

18 

188.08 

886 

11 

158.10 

114 

L 

10 

183.87 

910 

12 

158.34 

110 

L 

20 

183.76 

028 

18 

168.00 

126 

21 

184.16 

947 

14 

150l54 

142 

22 

184.58 

968 

15 

160.80 

170 

23 

184.80 

962 

16 

168.18 

218 

24 

185.18 

906 

17 

164.50 

252 

25 

185.45 

1,010 

18 

166.80 

278 

I. 

26 

185.61 

1,018 

10 

166.10 

286 

L 

27 

185.88 

1,027 

20 

166.00 

818 

L 

28 

185.04 

1,082 

21 

167.71 

887 

Iffar.    1 

185.92 

1,031 

22 

160.00 

877 

186.83 

1,027 

28 

171.10 

4a 

185.61 

1,016 

L 

24 

178.14 

507 

185.89 

1007 

25 

174.80 

668 

184.90 

062 

26 

176.15 

616 

184.07 

044 

27 

177.06 

648 

182.80 

889 

28 

177.65 

672 

181.48 

827 

20 

t7&02 

687 

180.01 

767 

80 

178.14 

601 

10 

17a  75 

716 

81 

177.84 

680 

11 

17a  16 

602 

Feb.    1 

177.03 

648 

12 

177.27 

657 

176.01 

610 

18 

17a  60 

637 

174.87 

540 

U 

17a  20 

021 

172.68 

488 

15 

17a  10 

614 

170.00 

430 

16 

17a  06 

618 

160.68 

886 

17 

177.22 

655 

168L44 

860 

18 

17a  00 

690 

167.64 

886 

10 

17a  68 

718 

167.86 

827 

20 

178.28 

738 

10 

167.67 

882 

21 

18a  20 

775 

11 

171.86 

464 

I. 

22 

181.26 

818 

12 

174.08 

888 

L 

28 

182.27 

862 

18 

177.00 

647 

L 

24 

182.65 

870 

14 

170.40 

748 

26 

188.00 

800 

15 

18L80 

880 

86 

183.38 

ou 

16 

18^6 

847 

27 

18a  56 

010 

2676      REPOBT   OF  THE   CHIEF   OF  ENQINEEB8,  U.  8.  ABMT. 
Table  9haw%ng  daily  discharge  of  the  JkReeiseippi  Biver  at  FuUm,  Turn,,  ^.— Oontinned. 


Dttte. 

QwoLge. 

inl.OOCT 
onbio  feet 
persooond. 

Benuffks. 

Date. 

Gaoge. 

Diaohaige 

In  1,000 
oabiofeet 

Bemarks. 

1881. 

1881. 

* 

Miff.  38 

188.71 

926 

June  14 

170.96 

412 

29 

188.84 

932 

16 

170.88 

484 

80 

184.83 

979 

16 

171.68 

466 

81 

188.75 

928 

17 

172.82 

478 

Apr.    1 

188.45 

914 

18 

172.98 

400 

I    183.20 

903 

19 

178.96 

588 

182.06 

891 

20 

174.90 

670 

188.87 

887 

21 

176.27 

620 

182.70 

883 

22 

17&86 

642 

L 

182.63 

874 

28 

177.46 

664 

182.30 

868 

24 

177.64 

668 

18L09 

850 

25 

177.35 

080 

181.06 

835 

26 

176.59 

638 

10 

181.97 

835 

27 

176.84 

622 

11 

181.02 

846 

28 

175.77 

601 

12 

182.41 

868 

29 

175.19 

680 

18 

182.96 

891 

80 

174.64 

558 

U 

183.49 

917 

July    1 

174.18 

642 

16 

184.10 

945 

'     2 

178.71 

624 

10 

184.08 

971 

8 

173.29 

510 

17 

186.18 

996 

4 

173.08 

608 

18 

185.08 

1,020 

6 

173.25 

608 

19 

186.11 

1,040 

6 

178.43 

614 

20 

166.46 

1,058 

7 

173.61 

520 

I. 

21 

186.78 

1,074 

, 

8 

173.68 

523 

L 

22 

187.12 

1,090 

0 

173. 57 

519 

28 

187.88 

1,099 

10 

173.15 

606 

24 

187.79 

1,121 

11 

172.52 

485 

25 

187.99 

1,131 

12 

171.67 

458 

26 

188.09 

i;i36 

High  water. 

13 

170. 71 

427 

27 

18&07 

1,135 

14 

169.78 

400 

26 

187.98 

1,130 

16 

168.93 

874 

29 

187.96 

1.129 

16 

16&28 

858 

80 

187.85 

1,123 

17 

167.96 

346 

MAy    1 

m.«7 

1,114 

18 

168.02 

846 

187.85 

1,100 

19 

168.31 

855 

187.18 

1093 

20 

168.60 

864 

187.05 

1,087 

21 

168.84 

871 

186.99 

1^085 

22 

169.00 

377 

186.94 

1.082 

28 

169.28 

884 

186.98 

1.082 

24 

169.41 

889 

186.95 

1^082 

26 

160.49 

892 

186.97 

1,083 

26 

160.52 

388. 

10 

187.06 

1.087 

27 

169.44 

890 

11 

187.07 

1,086 

28 

169.20 

88af 

12 

187.00 

1,065 

29 

16&97 

878 

13 

186.87 

1,078 

80 

168.49 

861 

U 

186.58 

1^007 

31 

167.74 

838 

15 

185.90 

1.080 

Aug.    1 

167.04 

321 

10 

186.07 

990 

166.87 

806 

17 

184.08 

944 

165.88 

288 

18 

183.05 

886 

165.60 

279 

19 

181.68 

836 

165.20 

273 

20 

180.78 

796 

165.06 

207 

21 

179.69 

760 

164.89 

263 

22 

17&69 

714 

164.71 

297 

23 

177.92 

683 

164.40 

262 

24 

177.18 

651 

164.20 

244 

26 

176.86 

628 

168.84 

236 

20 

175.73 

600 

163.42 

224 

27 

175.31 

688 

163.06 

217 

28 

175.07 

676 

162.68 

207 

29 

174.86 

566 

162.27 

199 

80 

174.55 

654 

161.00 

191 

81 

174.02 

537 

161.78 

188 

June   l 

173.36 

511 

161.5.1 

183 

172.60 

491 

161.41 

181' 

171.96 

468 

20 

161. 10 

175 

171.37 

450 

21 

162.53 

205 

170.97 

438 

22 

161.96 

192 

170.68 

422 

23 

161. 81 

189 

170.60 

420 

24 

161.66 

186 

170.04 

424 

25 

161.68 

183 

170.78 

480 

L 

26 

161.41 

181 

10 

170.72 

428 

^•^ 

27 

161.81 

179 

11 

170.48 

419 

28 

160.02 

151 

12 

170.26 

412 

29 

158.82 

128 

13 

170. 18 

410 

30 

159.68 

146 

APPENDIX  XT — REPORT  OP  MISSISSIPPI  RIVER  COMMISSION.      2677 
Table  ekawing  daily  dht^rge  of  He  inseleHppi  Biver  at  Allon,  !IViiii.,  ^— OontinaecL 


DAte. 


8^ 


1881. 

81 

1 

2 

8 

4 

6 

8 

7 

8 

9 

10 

11 

13 

13 

14 

18 

18 

17 

18 

19 

20 

21 

,22 

28 

24 

28 

28 

27 

28 

29 

80 

Oet     1 

2 

8 

4 

6 

8 

7 

8 

9 

10 

11 

12 

18 

14 

15 

,18 

17 

18 

18 

to 

21 

82 

28 

2« 

26 

26 

27 

28 

28 

80 

81 

XTOT.    1 

2 

8 

4 

8 

8 

7 

8 

9 

10 

U 

12 

18 

14 


Gauge. 


160.60 
160.88 
160.14 
160.02 
168.00 
168.88 
16&60 
16&68 
166.88 
16&60 
168.46 


Discharge 

in  1,000 
oabio  fset 
perMoond. 


142 
180 
184 
132 
130 
129 
128 
126 
126 
124 
121 


Bemaiks. 


Amu  _ 

berlOfoDe- 
oember  6110 


Bate. 


188L 
Voy.  16 
18 
17 
18 
19 
20 
21 
22 
38 
24 
26 
26 
27 
28 
20 

Deo.  1 
2 
8 

4 
6 
6 
•7 
8 
9 
10 
11 
12 
IS 
14 
16 
16 
17 
18 
19 
20 
21 
22 
28 
24 
26 
28 
27 
28 
29 
80 
81 

Jan.  1 
2 
8 

4 
6 
6 
7 
8 
9 
10 
11 
12 
18 
14 
16 
16 
17 
18 
19 
20 
21 
22 
28 
24 
26 
26 
27 


Gaage. 


Discharge 

in  1.000 
cubic  feet 
perseomid. 


28.42 
28L27 
20.8^ 
19.69 
l&OO 
17.66 
16.88 
16.27 
16.80 
16.86 
16.18 
16.06 
1&88 
16L24 
17.64 
19.21 
20.08 
22.66 
23.77 
24.68 
26.88 
27.11 
2a  13 
2&07 
29.51 
29.88 

8a  02 
80.12 
80.14 
80.17 
80.11 
80.07 

S!76 
29.60 
29.28 
29.26 
29.24 
29.60 
20.88 
8a88 
80.91 
81.41 
81.86 
82.28 
82.60 
88.12 
88.64 
88.98 
84.86 
84.72 
85.02 
86.32 
8&60 


667 
624 
670 
628 
491 
461 
488 
416 


884 

881 
891 
416 
461 
610 
678 
686 
680 
717 
764 
816 
860 
808 
921 


060 
951 
962 
950 
948 
922 
982 
921 
012 
910 
010 


950 
067 
1,011 
1,032 
1,062 
1,069 
1,006 
a.  118 
1,182 
1,168 
1,172 
1,189 
1,207 
1,217 


Bemarka. 


her  10  to  De- 
cember 6  no 
lead- 


*  Low  water  1872  (164.12)  =  lero  of  guge  establiahed  December,  188L 


2678     JtEPOBT  OF  THE  CHIEF  OF  ENGINEESS,  U.  S.  ABMT. 
Table  ikowhig  daUjf  diackorge  ^f  JftMiMij^pi  JZImt  a<  J^Uom,  Temi.,  /«.— dontiiraed. 


Bate. 

Orage. 

onbiofiMt 
peraeoQDd. 

Benittko. 

Bote. 

Gauge. 

oibiofeet 
peraeoond. 

_-. 

1882. 

1883. 

Jan.  29 

8&e2 

1,224 

Apr.  17 

27.81 

846 

80 

80.87 

1,220 

^     18 

27.88 

848 

di 

86.78 

1^284 

19 

27.82 

861 

Teb.    1 

86.74 

1^231 

20 

27.01 

887 

86.71 

1,229 

21 

27.06 

816 

86l74 

1,281 

22 

2024 

781 

8&74 

1,881 

23 

25.01 

766 

86i06 

1^820 

24 

84.70 

716 

15.85 

1,220 

26 

24.06 

098 

86l04 

1,226 

90 

28.98 

687 

85.00 

1,220 

27 

28.88 

668 

85.88 

1228 

28 

28.90 

688 

10 

85.07 

1.220 

29 

84.21 

098 

11 

8&50 

1,223 

80 

24.40 

708 

12 

86.50 

1,217 

May    1 

24.78 

719 

13 

88.52 

1.217 

84.87 

724 

14 

85.87 

1,211 

24.90 

729 

16 

85.28 

1^201 

2011 

786 

1« 

8&18 

1.199 

8022 

740 

17 

85.11 

1,194 

25.25 

741 

18 

85.06 

1,191 

8&06 

788 

10 

85.08 

1.190 

24.86 

724 

20 

8&12 

tl94 

24.88 

716 

SI 

86il7 

1,199 

10 

2086 

.745 

22 

85.28 

1.201 

11 

27.02 

818 

23 

8&82 

1.207 

12 

28.68 

880 

24 

8&60 

1.228 

• 

18 

29.88 

988 

25 

8&89 

1^289 

14 

80.86 

964 

20 

8&10 

1.256 

16 

8L08 

1,022 

27 

88.48 

1,268 

10 

82.10 

1,047 

28 

80  68 

1,278 

17 

82.52 

1^066 

Mar.    1 

80180 

1,288 

18 

82.87 

1,078 

2 

80.00 

1.279 

19 

82.70 

1,076 

^  g 

86.00 

1,277 

20 

82.09 

1.076 

8&51 

1.272 

31 

82L85 

1,068 

88.44 

1.269 

22 

82.88 

1.061 

8044 

1.260 

28 

82.79 

1,080 

8&88 

1.200 

84 

32.81 

1.080 

30.28 

1,260 

26 

82.80 

1.080 

8&20 

1.259 

90 

82.08 

1.074 

10 

8018 

1,256 

27 

32.51 

1,006 

11 

8&U 

1.250 

28 

82.14 

1047 

12 

80.04 

1,247 

29 

3L60 

1.021 

18 

80  04 

1.2*7 

80 

8L04 

994 

14 

8018 

1.251 

81 

30.00 

976 

16 

8013 

1.261 

JUM    1 

80.00 

975 

16 

30  00 

1,246 

UOIW     ^ 

80.81 

988 

17 

35.80 

1.287 

3 

8L00 

992 

18 

85.70 

1,232 

4 

81.27 

1,000 

1» 

85.08 

1.220 

6 

8L55 

1,016 

20 

36i62 

1.224 

0 

81.71 

1,020 

81 

35.68 

1.218 

7 

8L86 

1,082 

22 

85i44 

1.214 

8 

81.97 

1.089 

28 

35.17 

1,197 

9 

82.04 

1.043, 

24 

84.97 

1.187 

10 

32.07 

1,044' 

25 

34.78 

1,172 

^ 

11 

82.07 

1,044 

88 

34.49 

1,160 

12 

8L0O 

1,089 

27 

34.25 

1,148 

18 

8L09 

1,020' 

28 

38.90 

1,183 

14 

31.25 

1,005. 

28 

83.08 

1,120 

15 

aaso 

907- 

88 

83.42 

1.106 

10 

2a  49 

921 

81 

83125 

1,100 

17 

2&46 

874 

Apr.    1 

83.11 

1.094 

18 

27.45 

880 

^     2 

82.98 

1,887 

19 

27.90 

860 

8 

82.84 

1,082 

20 

27.21 

820 

4 

82.70 

1,076 

21 

27.80 

647 

5 

82L58 

1,069 

22 

2&60 

881 

• 

82.80 

1.055 

28 

29.01 

800 

7 

81.79 

1,030 

24 

28i85 

914 

8 

81.10 

987 

25 

29.01 

926 

9 

8010 

950 

28 

29.79 

985^ 

10 

39.83 

913 

27 

29.81 

9801 

11 

29.06 

801 

28 

29.69 

900 

12 

28.70 

889 

29 

29L89 

917 

18 

2&03 

882 

80 

29.09 

908 

14 

28.41 

873 

July    1 

28.50 

879 

15 

28.06 

860- 

2 

28.87 

870 

10 

27.87 

848 

• 

3 

28.26 

886 

APPENDIX  TT — REPOBT  OF  MISSISSIPPI  EIVBB  COMMISSIOK.      2679 


Date. 

Gauge. 

inl.00J 
oabiofeet 
pcrseoond. 

Bemaiks. 

Date. 

Gaage. 

IMacharge 

in  1.00? 

oabiofeet 

pereeooiDcL 

Bemaika, 

1882. 

1882. 

July    4 

2a  29 

868 

Sept.  20 

12.47. 

809 

6 

28.62 

888 

21 

iao2 

882 

e 

2a  89 

894 

22 

laoo 

387 

7 

29.90 

908 

28 

ia62 

884 

8 

29.08 

921 

24 

laoi 

888 

9 

29.82 

936 

25 

lass 

306 

10 

80.08 

946 

86 

11.84 

291 

11 

8a  18 

950 

27 

11.80 

276 

n 

3ai2 

950 

28 

ia76 

261 

13 

29.89 

940 

29 

10.30 

218 

14 

2a  74 

887 

80 

a85 

288 

16 

2a  41 

872 

I. 

Oct     1 

a58 

280 

16 

2a  04 

856 

a  81 

224 

17 

27.80 

824 

ao2 

218 

18 

2a  61 

796 

a84 

214 

19 

2&82 

764 

a75 

212 

20 

2&02 

-       732 

a79 

218 

21 

24.81 

702 

a  79 

Z18 

22 

2a  09 

678 

a77 

212 

98 

2a  17 

657 

a  70 

211 

24 

22.70 

641 

10 

a63 

210 

25 

22.15 

619 

U 

aoo 

209 

26 

2L40 

590 

12 

a58 

208 

27 

2a  62 

557 

18 

a57 

208 

28 

19.60 

520 

14 

a48 

207 

29 

ia64 

492 

15 

a4o 

205 

80 

ia87 

600 

W 

a8o 

202 

81 

ia22 

478 

17 

a2o 

200 

Aug.    1 

17.52 

457 

18 

aoi 

196 

^    2 

17.31 

451 

19 

7.92 

195 

8 

17.00 

442 

20 

7.82 

192 

4 

ia74 

483 

21 

7.78 

190 

5 

ia48 

421 

22 

7.70 

189 

6 

1&41 

420 

28 

7.76 

190 

7 

ia76 

433 

24 

7.87 

108 

8 

17.62 

460 

25, 

7.98 

196 

9 

ia34 

482 

26 

ao5 

197 

10 

ia58 

490 

27 

ao8 

198 

11 

ia54 

488 

28 

ao6 

198 

12 

ia89 

484 

2a 

a  10 

198 

13 

iai5 

476 

80 

a  18 

198 

14 

17.78 

465 

81 

a  18 

199 

15 

17.63 

461 

Not.    1 

aao 

202 

16 

17.15 

446 

2 

a80 

292 

17 

ia40 

420 

8 

aos 

208 

18 

ia84 

404 

4 

a88 

204 

19 

laoo 

898 

i 

a47 

206 

20 

ia86 

890 

6 

a  51 

207 

21 

lau 

863 

7 

a5o 

207 

28 

14.83 

874 

8 

a  51 

207 

23 

14.44 

862 

9 

a54 

208 

24 

ia97 

848 

16 

a54 

208 

25 

lass 

885 

11 

a77 

^2 

20 

iao6 

828 

19 

9.11 

226 

27 

ia62 

814 

18 

a  18 

292 

28 

12.21 

801 

14 

a  38 

227 

29 

It  91 

292 

15 

a69 

282 

80 

1L74 

288 

16 

a  70 

285 

81 

11.54 

282 

17 

ao8 

284 

Sept.   1 

11.42 

279 

18 

9  74 

286 

2 

1L42 

279 

19 

a86 

288 

11.42 

279 

20 

a  90 

240 

1L41 

279 

21 

a  78 

236. 

1L41 

279 

22 

0.62 

238' 

1L48 

280 

28 

a54 

230 

1L61 

284 

24 

a  41 

227 

1L75 

288 

25 

a  22 

222 

1L96 

208 

26 

a  18 

222 

10 

12.10 

298 

27 

a  12 

220 

11 

iai8 

.    299 

28 

ao8 

219. 

12 

laoi 

295 

29 

903 

218' 

18 

1L85 

291 

80 

a  08 

219 

14 

11.65 

286 

Deo.    i 

ao9 

219 

15 

1L47 

280 

a  10 

220 

16 

1L19 

278 

ail 

230 

17 

ILOO 

268 

a  12 

220 

18 

11.02 

268 

a  a 

220 

19 

1L67 

288 

ail 

229 

2680      REPORT  OF  THE   CHIEF  OF  ENQINEERS,  U.  8.  ARMY. 
Table  ehawktg  daUy  dieokarge  cf  Misfiat^fpi  Biver  at  Fulton,  Tgnn,^  ^-^ontiimed. 


Dftte. 

Gauge. 

Dischazge 

inl^ooff 

onbiofeet 

peraeoond. 

TtmoarkB, 

Date. 

Oaageb 

onbiofeet 
peraeoond. 

Bemarka. 

1882. 

1882. 

Deo.    7 

ft26 

228 

Deo.  20 

6.64 

167 

8 

9.40 

228 

21 

6.66 

167 

9 

ftSO 

229 

22 

6.78 

169 

10 

9.84 

225 

28 

7.12 

177 

11 

ftOO 

219 

24 

7.70 

189 

12 

a74 

212 

26 

8.26 

201 

18 

&47 

206 

26 

&86 

216 

14 

8.17 

200 

27 

a6i 

282 

16 

7.88 

198 

28 

10.48 

264 

le 

7.47 

184 

29 

1L26 

274 

17 

7.22 

179 

80 

1L87 

291 

18 

7.04 

176 

81 

12.81 

804 

19 

&78 

169 

Table  showing  daQg  discharge  of  the  Miseieeippi  Biver  at  MemphiB,  Tenn,,  January  1, 1881, 

to  January  1,  1883. 

[Cknnpnted  from  the  gange  readings,  by  a  fonnnla  deduced  from  discharge  obsofrationB  at  Hampton 
Xanding,  Ark.,  1879-18W  (12  miles  below  Memphis),  and  transferred  to  Memphis  by  simaltaneoos 
gange  readings.] 


Date. 

Gange. 

Discharge 

in  1,000 

cnbioflMt 

peraeoond. 

Date. 

Gange. 

Diaohaige 

inl,O0a 

cnbio  feet 

peraeoond. 

Date. 

Gauge. 

Discharge 

in  1.000 
cubic  feet 
peraeoond. 

188L 

188L 

1881. 

Jan.     1 

Feb.  16 
17 

27.20 
28.00 

850 
882 

Apr.    8 

2a  80 
2a  50 

914 

i"46* 

iii' 

902 

6.66 

198 

18 

2a  60 

906 

2a  50 

902 

4.86 

169 

19 

29.10 

926 

2a  40 

898 

a60 

162 

20 

29.60 

943 

2a  10 

880 

2.95 

141 

21 

2a  80 

965 

2a  00 

882 

2.70 

186 

22 

80.10 

969 

27.80 

874 

2.66 

188 

28 

80.60 

986 

10 

27.00 

866 

2.46 

181 

24 

80.70 

998 

11 

27.40 

858 

10 

2.86 

129 

26 

8L00 

1.006 

12 

27.40 

858 

11 

2.88 

180 

26 

81.00 

1.006 

13 

2a  40 

898 

12 

2.88 

180 

27 

81.20 

1,014 

14 

2a  80 

914 

18 

2.62 

134 

28 

8L60 

1.036 

15 

29.40 

939 

14 

&22 

126 

Mar.    1 

81.60 

1.080 

16 

29.00 

960 

16 

4.04 

168 

2 

81.70 

1,034 

17 

80.40 

981 

16 

6.80 

198 

8 

31.70 

1.034 

18 

30.80 

997 

17 

7.00 

249 

4 

81.40 

1,022 

19 

81.20 

1,014 

18 

a  30 

279 

6 

81.10 

1,009 

2U 

81.60 

1,026 

19 

10.40 

809 

6 

80.50 

1.026 

21 

81.80 

1,038 

20 

1L80 

836 

7 

29.80 

956 

22 

8a  20 

1.057 

21 

12.80 

860 

8 

2a  70 

910 

23 

8a  50 

1,072 

22 

laao 

886 

9 

27.80 

854 

Vi 

8a  76 

1.084 

28 

16.50 

461 

10 

2a  70 

792 

26 

83.00 

1,097 

24 

17.60 

608 

11 

24.40 

744 

26 

8a  20 

1,106 

26 

19.60 

673 

12 

23.50 

711 

27 

83.30' 

1.109 

26 

2a  90 

621 

13 

22.80 

687 

28 

83.80 

1.109 

27 

22.20 

666 

14 

2a  20 

666 

29 

83.20 

1.105 

28 

23.00 

603 

16 

2L70 

650 

80 

8a  15 

1,106 

29 

28.60 

716 

16 

21.70 

650 

May    1 

8a  06 

1,099 

80 

28.96 

727 

17 

22.10 

C62 

2 

38.00 

1,097 

81 

23.96 

727 

18 

2a  80 

687 

8 

8a  85 

1.089 

Feb.     1 

2&50 

711 

19 

28.50 

711 

4 

8a  76 

1,084 

22.00 

680 

20 

24.10 

783 

6 

8a66 

1.070 

21.40 

641 

21 

24.70 

765 

6 

8a  55 

1.074 

10.80 

683 

22 

25.90 

800 

7 

8a65 

1.074 

l&OO 

626 

28 

2a  80 

886 

8 

82.65 

1,074 

16.50 

482 

24 

27.60 

866 

9 

8a60 

1,077 

14.90 

431 

S6 

28.10 

886 

10 

8a  06 

1,079 

18.70 

897 

26 

2a  60 

902 

11 

82.65 

1.079 

12.90 

874 

27 

2a  80 

914 

12 

8a  60 

1,077 

ia20 

882 

28 

2a  10 

926 

18 

82.60 

1,077 

ia70 

897 

29 

29.30 

936 

14 

8a  46 

1,069 

12 

laoo 

484 

80 

2a  80 

985 

16 

8a  16 

1,064 

ia60 

673 

81 

29.40 

939 

16 

81.76 

1,086 

2a  00 

683 

▲sr.  1 

29.20 

980 

17 

81.00 

1.006 

16 

2a  80 

796 

2 

2a  00 

922 

18 

8a  10 

969 
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Table  $howing  dailff  disdharge  of  the  Miasiasigpi  Biver  at  Mmphia,  Tenn.,  ^.— Continned. 


Date. 

Gftogow 

oabio  feet 
per  second. 

Bftte. 

Gauge. 

Discharge 

1111,000 
cable  feet 
per  second. 

Bate. 

Ganges 

Discliarge 

in  1,000 

cubic  feet 

per  second. 

1881. 

188L    . 

1881. 

M*7  19 

28.00 

922 

Ang.  6 

9.60 

284 

Oct   22 

ia40 

862 

20 

27.80 

874 

9.20 

276 

28 

laso 

864 

21 

26.70 

882 

9L0O 

271 

24 

ia7o 

397 

2^ 

25.40 

780 

&80 

267 

25 

14.50 

419 

23 

24.40 

744 

&60 

263 

26 

laio 

437 

24 

23w60 

711 

10 

aso 

255 

27 

ia5o 

451 

25 

22.60 

680 

11 

aoo 

249 

28 

laoo 

469 

26 

2L80 

668 

12 

7.50 

237 

29 

ia2o 

474 

27 

2L20 

684 

13 

7.10 

228 

80 

ia40 

477 

28 

20.80 

617 

14 

a  70 

216 

81 

ia4o 

477 

29 

20.20 

697 

15 

a  80 

208 

Nov.    1 

16.30 

477 

80 

20.00 

690 

16 

a8o 

198 

2 

16.00 

469 

81 

19.70 

679 

17 

6.50 

192 

8 

15.80 

401 

June   1 

19.20 

663 

18 

a  10 

184 

4 

15.70 

457 

18.40 

687 

19 

4.80 

178 

6 

ia8o 

561 

17.60 

611 

20 

4.60 

174 

6 

laoo 

469 

16.80 

489 

21 

4.60 

172 

7 

16.10 

472 

16.10 

472 

22 

4.40 

170 

8 

ia40 

479 

16.60 

461 

28 

4.35 

169 

9 

17i00 

493 

16.20 

441 

24 

4.80 

168 

10 

17.40 

502 

16.10 

487 

25 

4.10 

164 

11 

17.80 

517 

16.80 

444 

26 

aoo 

160 

12 

17.90 

522 

16.86 

446 

'    27 

a8o 

158 

18 

laoo 

525 

15.20 

441 

28 

a  70 

156 

14 

ia2o 

531 

16.00 

484 

29 

a65 

155 

15 

ia7o 

547 

14.80 

428 

80 

a  40 

150 

16 

19  30 

507 

14.80 

428 

*1 

a  80 

148 

17 

10.90 

586 

16.00 

484 

Sppt    1 

a  10 

144 

18 

20.50 

607 

16.70 

467 

aoo 

140 

19 

21.00 

625 

16.  SO 

482 

8 

2.80 

138 

20 

21.80 

653 

18 

17.80 

602 

4 

a  70 

136 

21 

22.60 

680 

19 

l&OO 

826 

5 

a  50 

132 

22 

23.40 

707 

20 

19.10 

660 

0 

a4o 

130 

23 

24.20 

736 

21 

20.40 

604 

7 

a86 

131 

24 

24.70 

755 

22 

2L50 

644 

8 

a30 

128 

25 

25.10 

760 

28 

22.80 

669 

9 

a25 

127 

26 

25.25 

774 

24 

22.70 

688 

10 

a2o 

126 

27 

25.25 

774 

26 

22.80 

687 

11 

aio 

124 

28 

25.10 

760 

20 

22.60 

680 

12 

a  10 

124 

29 

25.10 

768 

27 

22.10 

662 

13 

a  20 

126 

80 

25.20 

773 

28 

2L60 

647 

14 

a2o 

126 

Deo.    1 

25.20 

773 

29 

90.90 

621 

15 

a30 

128 

2&20 

773 

80 

20.80 

600 

16 

a  40 

180 

25.10 

769 

Jtdy    1 

19.70 

679 

17 

aso 

182 

24.80 

750 

19.20 

663 

18 

aoo 

184 

24.30 

740 

ia70 

647 

19 

aso 

188 

2a  40 

707 

18w80 

584 

20 

aoo 

140 

2a  40 

678 

18.10 

628 

21 

a20 

146 

21.10 

628 

18.20 

631 

22 

a70 

166 

ia7o 

579 

18.46 

588 

28 

4.10 

164 

10 

ia4o 

537 

ia70 

647 

24 

4.20 

166 

11 

17.20 

499 

18.70 

647 

25 

4.30 

168 

12 

laoo 

469 

10 

1&60 

640 

26 

4.80 

168 

18 

ia2o 

441 

11 

laoo 

625 

27 

4.80 

168 

14 

14.60 

422 

12 

17  80 

602 

28 

4.90 

180 

16 

14.00 

406 

18 

16.40 

479 

29 

a80 

198 

16 

ia50 

391 

14 

1&80 

444 

80 

a  10 

204 

17 

ia40 

888 

16 

14.20 

411 

Oct.     1 

a20 

206 

18 

ia40 

388 

10 

18.20 

882 

a25 

207 

19 

laso 

385 

17 

12.60 

864 

a8o 

208 

20 

15.00 

434 

18 

12.89. 

860 

a5o 

212 

21 

ia4o 

479 

10 

12.30 

86a 

aoo 

222 

22 

laio 

528 

20 

12.80 

800 

7.80 

245 

28 

20.00 

590 

21 

18.00 

876 

aoo 

200 

24 

21.60 

647 

22 

18.80 

886 

laoo 

297 

25 

2a  00 

698 

28 

18.60 

891 

ia8o 

821 

26 

24.20 

736 

24 

18.70 

387 

10 

11.30 

836 

27 

2a  80 

776 

26 

18.90 

403 

i^ 

1L70 

846 

28 

2a  50 

824 

26 

14.00 

406 

ia2o 

358 

29 

27.40 

858 

27 

18.00 

403 

13 

laoo 

366 

80 

2a  10 

886 

28 

18.80 

400 

14 

ia8o 

372 

81 

2a  60 

906 

29 

18.60 

894 

16 

laoo 

874 

188a 

80 

18.80 

885 

16 

laoo 

376 

Jan.     1 

2a9 

918 

31 

12.70 

360 

17 

laoo 

376 

20.2 

990 

Auff.    1 

11.90 

362 

18 

laoo 

874 

29.3 

936 

2 

11.10 

380 

19 

ia70 

869 

29.4 

989 

8 

ia4o 

309 

20 

laso 

864 

29.4 

939 

4 

m80 

800 

21 

ia4o 

862 

2a3 

935 

2682      EEPORT   OP  THE   CHIEF   OF    ENGINEERS,  U.  8.  ARMY. 
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Bate. 

Osage. 

Dlscharfre 

in  1,000 
cubic  feet 
per  second. 

Date. 

Genge. 

Dieoharge 

in  1.000 
cubic  feet 
per  second. 

Bate. 

Gauge. 

DIsobariEe 

Id  I.UOO 
cubic  fiet 
pemccond. 

1882. 

1882. 

1882. 

Jan.     7 

29.3 

936 

Mar.  26 

83.7 

1,125 

June  12 

31.5 

1.026 

8 

29.2 

930 

27 

83.5 

1,117 

13 

31.4 

1.02i 

0 

29.0 

922  , 

28 

83.4 

1.113 

14 

31.3 

1,018 

10 

28.8 

914  ' 

29 

33.2 

1.105 

15 

80.9 

1,001 

11 

28.75 

912  I 

30 

m.o 

1,097 

10 

30.1 

069 

12 

2a6 

906  ; 

31 

82.85 

l.ObO 

17 

29.2 

9»0 

13 

28.9 

918  • 

Apr.     1 

82.7 

1, 082 

18 

2a4 

898 

14 

29.1 

926  1 

2 

82.05 

1,074 

10 

27.6 

866 

15 

29.4 

989 

8 

82.4 

1,067 

20 

27.2 

850 

16 

29.8 

9551 

4 

82.4 

1.067 

21 

27.2 

860 

17 

80.6 

987 

5 

82.25 

1,059 

22 

27.8 

874 

18 

81.0 

1,005 

6 

8i.l5 

1,054 

23 

28.5 

90i 

19 

31.4 

1,0S2 

7 

81.9 

1.042 

24 

29.0 

922 

20 

81.7 

1,034 

8 

81.45 

1.024 

25 

29.2 

980 

21 

82.0 

1.047 

9 

80.7 

093 

26 

29.3 

035 

22 

82.3 

1,062 

10 

29.9 

960 

27 

29.4 

939 

23 

82.7 

1,082 

11 

29.2 

930 

28 

29.5 

943 

24 

32.9 

1,092 

12 

28.8 

914 

29 

29.5 

948 

26 

33.2 

1.105 

13 

28.5 

902 

80 

29.1 

926 

26 

38.4 

1,113 

14 

2&8 

894 

July    1 

28.8 

914 

27 

83.6 

1,121 

16 

28.0 

882 

2 

28.5 

902 

SB 

38.9 

1.138 

16 

27.75 

872 

8 

2a2 

899 

29 

84.0 

1.137 

17 

27.5 

'  862 

4 

2ai 

88<I 

30 

84.1 

1,142 

18 

27.6 

862 

6 

2ao 

882 

«^    «* 

34.1 

1.142 

19 

27.6 

866 

6 

28.0 

8oi 

Feb.    1 

84.15 

1,144 

20 

27.6 

862 

7 

2&5 

902 

2 

34.0 

1,137 

21 

27.1 

847 

8 

28.9 

918 

3 

84.0 

1,137 

22 

26.5 

824 

9 

29.2 

9.10 

4 

34.15 

1,144 

28 

25.7 

792 

10 

29.5 

048 

6 

34.1 

i;i42 

24 

24.9 

702 

11 

29.7 

951 

6 

34.1 

1,142 

25 

24.1 

733 

12 

80.0 

065 

7 

84.25 

1^149 

26 

28.4 

707 

13 

29.8 

955 

8 

34.25 

1,149 

27 

23.0 

693 

14 

29.65 

949 

9 

34.8 

1^151 

28 

22.6 

C80 

15 

29.2 

980 

10 

84.3 

1.161 

29 

23.4 

707 

16 

28.6 

902 

11 

84.25 

i;i49 

80 

28.76 

720 

17 

27.8 

874 

12 

34.25 

1.149 

^y  I 

24.1 

733 

18 

27.1 

h47 

13 

84.26 

1,149 

24.8 

740 

19 

26.3 

816 

14 

84.25 

1.149 

8 

84.4 

744 

20 

26.5 

784 

15 

84.25 

1.149 

4 

24.5 

747 

21 

24.6 

751 

16 

84.16 

1^144 

5 

24.6 

751 

22 

28.7 

718 

17 

34.1 

1.142 

6 

247 

755 

28 

E8.0 

693 

18 

84.05 

1.189 

7 

24.7 

755 

24 

22.5 

676 

19 

84.0 

1,137 

8 

24.6 

751 

25 

21.9 

636 

20 

38.05 

tm 

9 

24.6 

751 

26 

21.8 

687 

21 

33.95 

1^135 

10 

25.2 

773 

27 

20.3 

600 

22 

83.00 

1.133 

11 

26.85 

838 

28 

19.3 

567 

23 

33.95 

1.185 

12 

28.50 

902 

29 

1&2 

531 

24 

34.0 

1.187 

18 

99.80 

935 

30 

17.2 

499 

25 

34.05 

1,139 

14 

80.0 

965 

81 

16.3 

477 

26 

84.15 

1,144 

15 

8a5 

967 

Aug.    1 

15.5 

451 

27 

84.2 

1.147 

16 

81.1 

1,009 

2 

16u0 

434 

28 

84.55 

1,162 

17 

81.5 

1,026 

3 

14.5 

419 

lUr.    1 

34.6 

1.165 

18 

81.7 

1.034 

4 

14.8 

414 

2 

84.8 

1.174 

19 

81.9 

1.042 

5 

14.0 

406 

3 

84.8 

1.174 

20 

82.0 

1.047 

6 

18.7 

397 

4 

34.8 

1,174 

21 

82.1 

1052 

7 

18.7 

397 

6 

84.8 

1.174 

22 

82.2 

1,057 

8 

14.4 

416 

6 

35.15 

1.188 

23 

82.2 

1,057 

9 

16.2 

441 

7 

35.05 

1,184 

24 

82.2 

1,057 

10 

15.9 

465 

8 

85.00 

1,18-2 

25 

82.2 

1,057 

11 

10. 1 

472 

9 

85.15 

1,188 

26 

82.15 

1.054 

12 

16.0 

468 

10 

8.^.00 

1.182 

27 

82.1 

1.052 

1.1 

16.8 

461 

11 

85.00 

1,182 

28 

81.0.5 

1.044 

14 

15.6 

454 

12 

34.8 

1,174 

29 

81. 05 

1,032 

15 

15.3 

444 

18 

84.7 

1,169 

30 

81.20 

1,014 

10 

16.0 

434 

14 

84.55 

1.162 

80.7 

1993 

17 

14.6 

422 

15 

36.55 

1.162 

June    1 

80.35 

979 

18 

14.1 

409 

16 

34.45 

1,.158 

80.3 

977 

10 

18.8 

400 

17 

34.4 

1.166 

80.4 

081 

20 

18.6 

394 

18 

34.3 

1.151 

80.6 

989 

21 

13.4 

388 

19 

34.25 

1,149 

80.8 

997 

22 

13.2 

882 

20 

84.2 

1.147 

30.9 

1.001 

23 

12.8 

372 

21 

34.15 

1.144 

81.1 

1.009 

24 

12.8 

300 

22 

84.05 

1.139 

81.25 

1. 016  . 

25 

1L8 

849 

23 

810 

1.187 

81.4 

1,022 

26 

11.3 

:W6 

2* 

3A.9 

1.133 

81.5 

1.026 

27 

10.8 

321 

25 

38.8 

1.129  1 

8L5 

1. 0  JO 

28 

10.2 

303 
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Dischnrge 

Disoharge 

culiio  feet 

Date: 

Gange. 

in  1,000 
onblc  feet 

Bute. 

Gaagew 

in  1,000 
onbiofeet 

Date. 

GMge. 

perseoood. 

1882. 

1882. 

1882. 

Aug.  20 

0.6 

884 

Oct.   10 

ai 

100 

Nov.  21 

7.25 

281 

80 

0.0 

271 

11 

a4 

100 

22 

7.25 

231 

81 

ao 

268 

12 

a4 

100 

28 

7.00 

225 

8epl  1 

ao 

260 

18 

a4 

100 

•       24 

a  75 

217 

as 

267 

14 

a4 

100 

25 

aoo 

214 

a8 

267 

15 

a  85 

180 

26 

a55 

218 

a8 

267 

16 

a22 

186 

27 

aso 

212 

a76 

266 

17 

a  18 

184 

28 

a  45 

211 

a76 

266 

18 

ai8 

184 

20 

a  40 

210 

ass 

268 

10 

4.84 

170 

80 

a85 

200 

aoo 

260 

20 

4.68 

175 

Deo.     1 

a  80 

208 

0.25 

277 

21 

4.65 

178 

a25 

207 

10 

ais 

282 

22 

4.55 

173 

a25 

207 

11 

a55 

285 

28 

4.47 

171 

aso 

208 

12 

a55 

285 

24 

4w47 

171 

a4o 

210 

18 

a  40 

281 

25 

4.84 

178 

a4o 

210 

U 

a  25 

277 

26 

4.88 

180 

a45 

211 

16 

aoo 

271 

27 

4.07 

181 

aoo 

214 

16 

aso 

260 

28 

4.07 

181 

a80 

210 

17 

a30 

255 

20 

4.87 

181 

.  aoo 

214 

18 

a  26 

254 

80 

4.08 

181 

a  50 

212 

10 

a26 

\254 

81 

a  01 

182 

a  25 

207 

20 

aoo 

271 

Not.    1 

a  18 

184 

aoo 

202 

21 

moo 

207 

2 

a  18 

185 

a  70 

106 

22 

ia60 

812 

8 

a22 

lf6 

a  25 

lb7 

28 

1L40 

838 

4 

a  22 

186 

4.85 

170 

24 

11.26 

884 

5 

a84 

188 

4.45 

171 

25 

ia40 

800 

• 

a43 

100 

4.20 

166 

26 

aso 

202 

7 

a47 

101 

10 

4.00 

162 

27 

a26 

277 

8 

a5i 

102 

20 

a  75 

157 

28 

a56 

261 

0 

a  52 

102 

21 

aso 

152 

20 

aoo 

240 

10 

as4 

102 

22 

ass 

153 

80 

7.80 

283 

11 

a56 

108 

28 

a  75 

157 

Oet     1 

as 

210 

12 

ao7 

901 

24 

4.15 

165 

as 

208 

18 

a  18 

205 

25 

4.00 

180 

ao 

202 

14 

a26 

207 

26 

a  07 

183 

as 

186 

15 

a47 

811 

27 

aso 

208 

5.76 

107 

16 

a  76 

217 

28 

7.20 

230 

a45 

101 

17 

a86 

220 

29 

a20 

253 

a46 

101 

18 

7.00 

225 

80 

aoo 

271 

5.1 

100 

10 

7.10 

228 

81 

a  70 

280 

ai 

100 

20 

7.20 

230 

Table  showing  daUy  tUeoharge  of  ih»  Miseiseippi  Siver  at  CarrollUm,  La,,  January  1, 1881, 

to  January  1,  1883. 

[Gompnted  from  the  gange  readings  by  a  fonnnla  .deduced  fh>ni  discharge  obsenratlons  at  the  same 
pouit  extending  from  December,  1870,  to  October,  1880.] 


Date. 

Oangc 

Disoharge 

in  1.000 
onbiofeet 
per  second. 

Date. 

Ganges 

Discharge 

in  1,000 
cubic  feet 
per  second. 

Date. 

Oauge. 

Discharge 

inl.OOa 

cubic  feet 

1881. 

1881. 

188L 

Jan.     1 

Jan.  20 
21 

ai 
ao 

206 
202 

Feb.     8 
0 

ia4 
ia4 

681 

as" 

438* 

681 

ai 

428 

22 

ai 

206 

10 

lao 

661 

a6 

451 

28 

a4 

808 

11 

10.1 

666 

ao 

424 

24 

ao 

883 

12 

ao 

696 

4.6 

406 

25 

a8 

842 

18 

ao 

641 

4.8 

808 

26 

ao 

861 

14 

as 

626 

ao 

874 

27 

4.1 

883 

15 

a3 

626 

a7 

865 

28 

4.8 

415 

16 

as 

628 

10 

as 

856 

20 

as 

451 

17 

a4 

681 

11 

ao 

820 

80 

as 

402 

18 

as 

651 

12 

as 

812 

81 

7.2 

530 

10 

las 

676 

18 

a4 

808 

Feb.    1 

7.0 

502 

•    20 

las 

001 

14 

ai 

296 

as 

678 

21 

las 

701 

15 

ao 

208 

a6 

m 

22 

11.3 

726 

16 

ao 

202 

ao 

606 

28 

11.4 

731 

17 

1.0 

288 

as 

626 

24 

1L6 

742 

18 

LS 

284 

lao 

661 

25 

11.0 

758 

10 

1.8 

284 

lao 

601 

26 

lao 

764 

2684      BEPOBT  OF  THE   CHIEF  OF  EKQINEEBS,  U.  S.  ARMY. 
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Date. 

Gauge. 

Discbarge  i 

in  1.000 
cubic  feet 
peraeoond. 

Date. 

Gauge. 

Discharge 

in  1,000 
cubic  feet 
peraeoond. 

Date. 

Gauge. 

cubic  feet 
peraeoond. 

1881. 

188L 

188L 

Feb.  27 

12.3 

780 

May  16 

12.1 

769 

Aug.    2 

4.8 

898 

28 

12.1 

709 

'   17 

12.0 

764 

4.4 

397 

Har.    1 

12.2 

774 

18 

12.1 

769 

8.9 

374 

2 

12.0 

764 

19 

12.1 

769 

8.6 

361 

8 

12.1 

769 

20 

12.1 

769 

3.3 

347 

4 

12.2 

774 

21 

12.25 

777 

8.2 

842 

6 

12.2 

774 

22 

12.3 

780 

2.8 

825 

6 

12.1 

769 

23 

12.8 

780 

2.6 

312 

7 

12.2 

774 

24 

12.8 

780 

10 

2.1 

280 

8 

12.0 

764 

25 

12.3 

780 

11 

1.9 

288 

9 

12.0 

764 

26 

12.4 

785 

12 

L7 

280 

.      10 

12.2 

774 

27 

12.3 

780 

18 

L7 

280 

11 

12.8 

780 

28 

12.8 

780 

14 

L7 

280 

12 

12.4 

785 

29 

12.3 

780 

15 

1.6 

276 

18 

12.8 

780 

80 

12.4 

785 

16 

L8 

284 

14 

12.4 

785 

81 

12.8 

780 

17 

2.0 

292 

15 

12.6 

790 

June   1 

12.8 

780 

18 

2.0 

292 

16 

12.6 

790 

2 

12.2 

774 

19 

1.7 

280 

17 

12.4 

785 

8 

12.2 

774 

20 

L4 

267 

18 

1^3 

780 

4 

12.2 

774 

21 

1.1 

255 

19 

118 

780 

6 

12.2 

774 

28 

LO 

251 

20 

12.2 

774 

6 

12.2 

774 

28 

LO 

251 

21 

12.8 

780 

7 

12.2 

774 

24 

0.8 

242 

22 

11.9 

758 

8 

12.2 

774 

25 

0.8 

242 

28 

12.1 

769 

9 

12.0 

764 

28 

LO 

251 

24 

12.1 

769 

10 

12.0 

764 

27 

LO 

251 

25 

12.1 

709 

11 

1L9 

758 

28 

0.7 

238 

26 

12.2 

774 

12 

11.8 

742 

29 

0.8 

242 

27 

12.2 

774 

13 

11.3 

726 

80 

0.8 

242 

28 

12.3 

780 

14 

11. 1 

716 

31 

L8 

263 

29 

12.4 

785 

16 

10.9 

706 

Sept   1 

L4 

267 

80 

12.25 

777 

J6 

10.8 

701 

2 

L6 

272 

81 

12.2 

774 

17 

10.7 

696 

8 

L6 

272 

Apt,    1 

12.2 

774 

18 

10.5 

686 

4 

L4 

267 

12.2 

774 

19 

10.3 

676 

6 

L8 

283 

12.2 

774 

20 

10.2 

671 

6 

LI 

265 

12.3 

780 

21 

10.1 

666 

7 

0.8 

242 

12.3 

780 

22 

10.0 

661 

8 

0.7 

238 

12.3 

780 

23 

9.76 

648 

9 

0.6 

280 

12.8 

780 

24 

9.6 

641 

10 

0.8 

222 

12.4 

785 

25 

9.6 

641 

11 

0.4 

220 

12.4 

785 

26 

9.6 

641 

12 

0.6 

284 

10 

12.4 

785 

27 

9.6 

641 

18 

0.8 

242 

11 

12.4 

785 

28 

9.8 

651 

14 

L16 

257 

12 

12.65 

792 

29 

9.9 

656 

15 

L6 

272 

18 

12.5 

790 

30 

'      9.95 

058 

16 

LI 

255 

14 

12.3 

780 

July     1 

9.9 

656 

17 

LI 

266 

16 

12.8 

780 

2 

9.9 

650 

18 

L3 

263 

16 

12.2 

774 

3 

10.0 

661 

19 

L2 

259 

17 

12.0 

764 

4 

10.0 

661 

20 

LO 

251 

18 

12.1 

769 

5 

9.9 

056 

21 

0.9 

246 

19 

12.1 

769 

6 

9.8 

651 

22 

0.7 

238 

20 

12.0 

764 

7 

9.6 

641 

23 

0.65 

236 

21 

12.1 

769 

8 

9.4 

631 

24 

0.7 

2:^8 

22 

12.1 

769 

9 

9.2 

621 

26 

0.8 

243 

23 

12.2 

774 

10 

9.1 

616 

26 

LO 

251 

24 

12.4 

785 

11 

a7 

5S6 

27 

L2 

250 

26 

12.2 

774 

12 

as 

578 

28 

L4 

267 

20 

12.3 

780 

18 

8.1 

570 

29 

L4 

267 

27 

12.2 

774 

14 

7.9 

662 

^        W 

L8 

284 

28 

12.1 

769 

15 

7.9 

562 

Oct      1 

2.0 

292 

20 

12.0 

764 

16 

7.7 

554 

2 

L9 

288 

30 

12.0 

764 

17 

7.4 

541 

8 

L8 

284 

Kay     1 

11.9 

758 

18 

7.1 

625 

4 

L4 

267 

11.9 

758 

19 

6.7 

503 

5 

LI 

255 

12.0 

764 

20 

6.8 

4P3 

6 

L2 

250 

11.9 

768 

21 

6.6 

451 

7 

2.1 

296 

11.9 

758 

22 

4.9 

420 

8 

L8 

284 

12.1 

769 

23 

4.3 

393 

9 

L6 

276 

12.1 

709 

24 

8.9 

374 

10 

L4 

207 

12.3 

780 

25 

8.7 

365 

11 

L7 

280 

12.2 

774 

26 

8.4 

851 

12 

2.0 

293 

10 

12.2 

774 

27 

8.8 

847 

18 

2.2 

800 

11 

12.3 

780 

28 

8.2 

842 

14 

2.2 

800 

12 

12.2 

774 

28 

8.3 

•  847 

16 

2.4 

808 

18 

12.1 

769 

80 

8.4 

351 

16 

2.6 

812 

14 

12.2 

774 

81 

8.4 

851 

17 

2.7 

820 

16 

12.2 

774 

Aug.    1 

8.9 

874 

18 

2.75 

822 
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Dftte. 

Gange. 

Discbarge 

in  1,000 
cubic  feet 
per  second. 

Date. 

Gauge. 

Dtoobarge 

in  1,000 
cubic  feet 
per  second. 

Date. 

Gauge. 

DIflobarge 

in  1,000 

cubic  feet 

per  second. 

1881. 

1882. 

1882. 

Oct.    19 

2.75 

822 

Jan.     4 

ao 

65C 

Mar.  23 

14.65 

SS 

20 

2.75 

822 

5 

10.0 

661 

24 

14.65 

21 

2.85 

827 

6 

10.4 

681 

25 

14.8 

&1J 

22 

2.9 

829 

7 

ia7 

686 

26 

14.8 

912 

23 

2.9 

829 

8 

mo 

706 

27 

14.95 

9:!! 

24 

8.0 

833 

9 

U.1 

716 

28 

14.9 

918 

25 

2.9 

829 

10 

11.2 

721 

29 

14.75 

909 

26 

2.9 

829 

11 

11.2 

721 

80 

14.65 

904 

27 

ao 

883 

12 

11.2 

721 

14.6 

901 

28 

8.5 

856 

18 

11.2 

721 

Apr.    £ 

14.6 

901 

29 

4.0 

879 

14 

U.3 

726 

14.66 

904 

30 

4.4 

897 

15 

1L8 

726 

14.6 

901 

31 

4-1 

388 

16 

11.4 

781 

14.6 

901 

Not.    1 

4.1 

883 

17 

11.7 

747 

14.6 

901 

4.2 

888 

18 

11.6 

742 

14.6 

901 

4.2 

888 

19 

11.7 

747 

14.4 

890 

4.8 

893 

20 

11.8 

758 

14.4 

890 

4.4 

807 

21 

lai 

769 

14.2 

879 

4.5 

402 

22 

12.2 

774 

14.1 

874 

4.9 

420 

23 

ia8 

780 

11 

14.1 

874 

^          4.8 

415 

24 

las 

780 

12 

14.2 

879 

4.8 

415 

26 

las 

700 

18 

14.3 

884 

10 

4.8 

415 

26 

12.4 

785 

14 

14  15 

876 

11 

6.0 

424 

27 

12.8 

786 

15 

14.15 

876 

12 

6.2 

438 

28 

12.5 

790 

16 

14.1 

874 

18 

&2 

433 

29 

12.6 

795 

17 

14.0 

868 

14 

5.8 

488 

80 

12.7 

800 

18 

14.0 

869 

15 

5i3 

438 

81 

ia7 

800 

19 

lao 

864 

16 

5i45 

444 

Feb.     1 

ia7 

800 

20 

ia9 

864 

17 

5.7 

465 

2 

ia7 

800 

21 

ia75 

656 

18 

6.8 

460 

8 

ia85 

807 

22 

18.9 

864 

19 

5i8 

460 

4 

ia8 

805 

23 

ia7 

868 

20 

6.2 

478 

5 

ia7 

800 

24 

lao 

848 

21 

&2 

478 

6 

12.7 

800 

25 

las 

842 

22 

6.7 

503 

7 

ia8 

805 

26 

13.5 

842 

23 

7.2 

630 

8 

ia9 

810 

27 

ia45 

689 

24 

7.4 

641 

9 

lao 

816 

28 

ia45 

889 

25 

7.6 

550 

10 

12.9 

810 

29 

ia6 

848 

26 

7.8 

658 

11 

lao 

816 

,.       ^ 

las 

842 

27 

&1 

570 

12 

lao 

816 

May     1 

ia46 

889 

28 

a8 

578 

18 

lai 

821 

ia4 

836 

29 

a6 

591 

14 

lai 

821 

ia8 

831 

80 

&9 

606 

15 

ia2 

826 

ia2 

826 

Dec.^    1 

9.0 

611 

16 

ia2 

826 

ia2 

826 

9.2 

621 

17 

ia2 

826 

ia2 

826 

9.4 

631 

18 

ia8 

831 

lai 

821 

9.4 

631 

19 

ia4 

836 

ia2 

826 

9.5 

636 

20 

ia4 

836 

lai 

821 

9.7 

646 

21 

las 

842 

10 

lai 

821 

0L7 

646 

22 

ia4 

836 

11 

ia2 

828 

8 

9.8 

651 

23 

ia4 

836 

12 

13.0 

816 

9 

9.9 

656 

24 

ia4 

836 

18 

12.9 

810 

10 

9.9 

650 

25 

lao 

848 

14 

ia9 

810 

11 

9.8 

eai 

26 

ia7 

853 

15 

12.9 

810 

12 

9.8 

651 

27 

ia8 

858 

16 

^2.7 

805 

18 

a6 

641 

28 

14.0 

860 

17 

800 

14 

a5 

63G 

Mar.    1 

14.0 

869 

18 

12.8 

805 

15 

ao 

006 

2 

14.0 

869 

19 

12.7 

800 

16 

a7 

596 

8 

14.1 

874 

20 

ia8 

805 

17 

a4 

582 

4 

14.1 

874 

21 

las 

805 

18 

a2 

574 

6 

14.2 

870 

22 

12.8 

805 

10 

7.8 

558 

6 

14.8 

884 

23 

12.7 

800 

20 

7.5 

540 

7 

14.4 

890 

24 

12.8 

805 

21 

7.2 

530 

8 

14.6 

901 

26 

las 

805 

22 

a8 

508 

9 

14.7 

907 

26 

12.8 

805 

23 

a5 

402 

10 

14.6 

901 

27 

12.8 

805 

24 

a2 

478 

11 

14.7 

907 

28 

ia8 

805 

25 

a8 

483 

12 

14.8 

912 

29 

12.7 

800 

26 

a5 

492 

13 

14.75 

900 

30 

12.7 

800 

27 

a5 

492 

14 

14.7 

907 

81 

lao 

795 

28 

a9 

514 

15 

14.75 

909 

June   1 

12.6 

796 

29 

7.3 

636 

16 

14.8 

912 

las 

790 

80 

7.5 

546 

17 

14.8 

912 

12.5 

700 

81 

ao 

566 

16 

14.9 

918 

12.4 

785 

1882. 

IS 

14  8 

912 

ia4 

786 

Jan.    1 

as 

586 

14.9 

918 

12.4 

785 

2 

a9 

606 

21 

14  9 

918 

12.5 

790 

8 

as 

636 

22 

14.8 

912 

12.7 

800 
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Date. 

Gauge. 

Diacharge 

in  1.000 
cobio  feet 
peraeoond. 

Date. 

Gauge. 

Diacharge 

inl,0(W 

onbio  feet 

pernecond. 

Date. 

Gaage. 

cable  ibet 
peraeoond. 

1882. 

1882. 

1882. 

Jnne   9 

12.8 

805 

Aag.  17 

7.9 

662 

Oct.    25 

L2 

299 

10 

12.8 

805 

18 

7.8 

658 

26 

1.2 

259 

11 

12.8 

805 

19 

7.6 

560 

27 

1.2 

259 

12 

12.7 

800 

20 

7.5 

646 

28 

L25 

261 

13 

12.6 

795 

21 

7.4 

541 

29 

1.5 

272 

14 

12.6 

795 

22 

7.3 

6M 

80 

1.85 

286 

15 

12.6 

795 

28 

7.1 

525 

31 

2.0 

292 

16 

12.6 

705 

24 

6.7 

603 

Ifov.    1 

2.0 

292 

17 

12.65 

792 

25 

6.4 

487 

2 

1.8 

284 

18 

12.55 

792 

26 

6.1 

474 

8 

1.8 

284 

19 

12.55 

792 

27 

6.8 

460 

4 

L7 

280 

20 

12.50 

790 

28 

5.6 

451 

5 

1.6 

276 

21 

12.50 

790 

29 

5.4 

442 

6 

1.5 

272 

22 

12.4 

785 

80 

5.0 

424 

7 

L2 

259 

23 

12.5 

700 

81 

4.9 

420 

8 

LO 

251 

24 

12.5 

790 

Sept.   1 

4.6 

406 

9 

1.1 

255 

25 

12.5 

790 

2 

4.4 

897 

10 

LI 

255 

26 

12:5 

790 

8 

11 

1.1 

255 

27 

12.5 

790 

4 

12 

1.4 

267 

28 

12.6 

795 

6 

18 

1.8 

284 

20 

12.6 

795 

6 

f         ^^ 

14 

L7 

280 

80 

12.6 

795 

7 

15 

1.7 

280 

July    1 

12.5 

790 

8 

16 

L7 

280 

'     2 

12.5 

790 

9 

77 

1.7 

280 

8 

12.45 

787 

10 

2.7 

820 

18 

1.7 

280 

4 

12.4 

785 

11 

2.7 

820 

19 

1.7 

280 

6 

12.4 

785 

12 

2.7 

820 

20 

1.6 

276 

6 

12.4 

785 

13 

2.6 

816 

21 

1.4 

267 

7 

12.4 

785 

14 

2.6 

816 

22 

1.4 

267 

8 

12.4 

785 

\i 

2.6 

316 

23 

1.4 

267 

0 

12.4 

785 

2.75 

822 

24 

L6 

276 

10 

12.85 

782 

17 

2.7 

820 

25 

2.0 

292 

11 

12.35 

7«2 

18 

2.0 

310 

26 

2.4 

808 

12 

12.35 

782 

19 

2.0 

310 

27 

2.9 

829 

18 

12.35 

782 

20 

2.6 

816 

28 

2.7 

320 

14 

12.35 

782 

21 

2.76 

322 

29 

2.7 

820 

15 

12.3 

780 

22 

2.75 

822 

80 

2.65 

818 

16 

12.2 

774 

23 

2.75 

822 

Deo.     1 

2.5 

312 

17 

12.2 

774 

24 

2.55 

814 

2 

2.4 

808 

18 

12.2 

774 

25 

2.35 

306 

8 

2.5 

312 

19 

12.1 

769 

26 

2.35 

806 

4 

2.7 

820 

20 

12.2 

774 

27 

2.35 

306 

5 

2.8 

325 

21 

12.1 

769 

28 

2.60 

316 

6 

2.9 

320 

22 

12.2 

774 

29 

2.9 

329 

7 

2.9 

329 

28 

12.1 

769 

80 

8.2 

842 

8 

8.0 

833 

24 

12.2 

774 

Oct.      X 

a4 

351 

9 

ao 

333 

25 

12.2 

774 

2 

8.2 

342 

10 

a8 

323 

26 

12.2 

774 

8 

8.2 

342 

11 

as 

325 

27 

12.1 

769 

4 

8.1 

838 

12 

a8 

825 

28 

12.0 

764 

5 

2.9 

829 

18 

a85 

327 

29 

12.0 

764 

6 

2.6 

816 

14 

ao 

329 

30 

11.9 

758 

7 

2.4 

808 

15 

ao 

333 

81 

11.9 

768 

8 

2.4 

808 

16 

ao 

320 

Aug.    1 

11.7 

747 

9 

2.4 

808 

17 

a9 

329 

•     2 

1L7 

747 

10 

2.2 

800 

18 

ao 

333 

3 

11.5 

786 

11 

1.9 

288 

19 

ao 

m 

4 

11.6 

786 

12 

L5 

272 

20 

a2 

842 

5 

11.4 

731 

18 

1.4 

267 

21 

ao 

883 

6 

11. 1 

716 

14 

1.5 

272 

22 

ai 

838 

7 

10.8 

701 

15 

1.5 

272 

23 

ao 

829 

8 

10.6 

686 

16 

1.6 

276 

24 

a9 

329 

9 

10.0 

601 

17 

1.8 

284 

25 

ao 

816 

10 

9.7 

646 

18 

L7 

280 

26 

a4 

808 

11 

9.8 

626 

19 

1.9 

288 

27 

a2 

800 

12 

&9 

606 

20 

2.2 

800 

28 

ao 

292 

18 

&6 

586 

21 

2.0 

292 

29 

L9 

288 

14 

&3 

678 

22 

L7 

280 

80 

1.8 

284 

15 

&1 

570 

28 

1.5 

272 

81 

L8 

284 

16 

ao 

666 

24 

L25 

261 

*G^aage  down. 
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APPENDIX  a. 

BEPOBT  OF  AfiSISTAirr  RKGINBBR  J.  A.  0CKER80N  ON  CHANOS8  XS  MISSISSIPPI  RIVBB 
BETWEEN  OBAND  OULF  AND  DONALDSONYILLB. 

Office  Mississippi  Kiver  Commission, 

Haini  Louis f  Mo.,  September  15, 1883. 

Sib  :  While  in  the  field  tracings  were  made  of  local  maps  covering  the  river  from 
Grand  Gulf  to  New  Orleans,  with  a  view  to  a  stndy  of  the  changes  that  have  oo- 
cnrred.  Between  Natchez  and  Bayou  Sara  special  pains  were  taken  to  identify  points 
of  the  old  surveys  and  connect  with  them.  From  Grand  Gulf  to  Fort  Adams  the  com- 
parisons were  made  with  the  land  surveys  of  182H.  These  maps  show  only  the  right 
bank  as  connected  with  the  township  and  other  lines,  while  the  left  bank  has  been 
sketched  in,  and  does  not  represent  coixeclly  the  width  of  the  river.  The  relative  po- 
sitions of  the  river  bed  in  1828  and  1883  are  shown  in  Plates  1  and  2.  submitted  here- 
with. In  making  these  comparisons,  old  boundary  lines,  bayous,  lanes,  towns,  loads, 
&c.,  which  were  common  to  the  two  surveys  were  used.  On  sheet  1  and  a  part  of  2, 
the  common  points  agreed  fairlv  well.  From  Dead  Man's  Bend  to  Fort  Adams  the 
comparisons  are  not  reliable,  and  from  the  latter  point  down  to  Red  River  Landing 
the  discrepancies  between  tne  two  surveys  are  so  great  that  they  could  not  be  har- 
monized. Throughout,  the  comparisons  must  not  be  regarded  as  exact,  but  will  serve 
to  indicate  in  a  general  way  what  changes  have  occurred  in  the  past. 

The  river  at  two  periods  55  years  apart  is  here  compared,  but  there  may  have  been 
mater  changes  during  that  period  than  are  here  shown.  Islands  and  battures  have 
doubtless  been  made  and  washed  away  aeain  during  the  interval.  For  more  than 
one-half  of  the  length  of  the  above  reacn.  the  present  bed  of  the  river  is  entirely 
outside  of  the  limits  of  the  bed  of  1828,  and  in  some  cases  it  is  several  miles  from  it. 

From  Red  River  lianding  to  Donaldsonville  a  better  coninarison  can  be  made  by 
using  the  survey  of  Humphreys  and  Abbot,  made  in  1851.  Tracings  of  the  latter,  on 
a  sc^e  of  1 :  10,000,  were  compared  with  the  surveys  of  1883  made  by  the  Mississippi 
River  Commission.  Numerous  points  on  the  old  survey,  such  as  angles  and  straignt 
portions  of  levee,  plantation  lines,  churches,  towns,  roads,  bayous,  &c.,  were  easily 
identified  and  agreed  very  cloeely  with  the  surveys  of  1883,  and  the  comparisons  shown 
on  Hheets  3, 4,  and  5  may  be  considered  as  reliable.  There  was  some  doubt  about  the 
points  in  the  vicinity  and  opposite  Baton  Rouge,  and  this  reach  has  been  omitted. 
The  Humphreys  and  Abbot  tracings  do  not  show  the  left  bank  of  the  river  above 
Baton  Rouge  except  in  the  vicinity  of  Red  River,  and  to  prevent  confasion  this  has 
been  sketched.  . 

The  lines  of  the  survey  of  1851  came  down  along  the  old  river;  hence  from  Raccourci 
cut-off  to  New  Texas  we  have  no  means  of  comparison. 

A  tracing  was  made  of  an  old  map  from  the  archives  at  Baton  Rouge,  showing  the 
bends  in  the  vicinity  of  Red  River  as  they  were  prior  to  1810.  This  map  showed  the 
State  line  between  Mississippi  and  Louisiana. 

The  position  of  these  bends,  as  shown  on  sketch,  with  reference  to  the  later  surveys 
depKBnds  on  the  State  line  and  on  the  river  bank  across  Routh's  Point,  which  is  still 
plainly  marked  and  apparently  common  to  the  three  surveys.  The  relative  positions 
are  therefore  approximate. 

An  examination  of  the  sketches  shows  that — 

The  bends  have  moved  down  stream ; 

The  islands  have  moved  down  stream ; 

The  preponderance  of  the  movement  of  the  river  as  a  whole  has  been  to  the  west ; 

The  bends  have  grown  longer.  From  Grand  Gulf  to  Fort  Adams  this  lengthening 
amounts  to  about  4  miles.    Below  Baton  Rouge  the  changes  are  comparatively  slight ; 

The  changes  in  the  vicinity  of  the  two  cut-ofGs  near  Red  River  are  not  as  great  as 
at  distant  points  both  above  and  below; 

The  caving  has  been  very  much  the  greatest  on  the  upper  side  of  the  points. 

High-water  widths  of  (he  river  between  Baton  Rouge  and  Donaldsonville. 

In  Humphreys  and  Abbot's  Report,  pases  118  and  119,  are  given  the  widths  of  the 
river  at  numerous  points.  From  Baton  Rouge  down  they  are  given  at  intervals  of 
about  4,000  feet.  Most  of  these  positions  are  easily  identified,  and  the  widths  as  given 
by  the  survey  of  1883  hsrve  been  measured.  The  results  are  given  in  a  table  appended 
herewith. 

If  we  compare  the  last  68  sections  we  find  that  the  mean  width,  according  to  the 
survey  of  1851,  is  2,835  feet ;  and  from  the  survey  of  1883  it  is  2,984  feet,  or  an  increase 
in  thirty-two  years  of  149  ieet.  This  gives  an  average  of  a  little  less  than  5  feet  per 
year. 
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Widths  between  high-water  hanks. 


Hot 


Locality. 


1851. 


Remarks, 


CGleCrt«ltPolot-„, ,.,.- 

Kiitchrs ....__..-.........^.i. 

EmnOlifrB... .„.„„ 

KorithA  FolDt , .,,.-,,,,• 

Mouth  of  Itetl  River ........# 

4,000  f ei't  below-  Ited  RiTer , 

£,000  fret  iMslow  Hfiil  Rlirer... „,.,.,, 

13,000  ft-tn  below  Roil  Rlrer - 

tiMconrci,  Dppt'r  end  . .  „  ^ . . .  _ 

Boff^avrri,  lower  end .-..**, 

Tuuita  B^'nd- .*...--,-....,  w, ..«.- . 

Balon  Ryiiiie,  AntMiftL . , ,..,,». 

liftton  Roui;e.  St:*t*-H(iUM .- 

4,000  feet  below  StaU*Hqu>«, *,.*.... 

8,000  foLt  below  SlatrMoiue - 

12,  MO  feqt  bebiw  8 mt**  House 

lOjm  fMt  bvh>v  St  11 1 1* -Ho  II  (Its ,,. 

20,0iK)  ftv*^t  Inflow  StaifUanno,, 

24,  PeO  ftiut  bf lofr  ^tat<  liuusD  .......* 

2«,otJO  fwt  Iwlow  Statu  EJouac „. 

32,UO0  feet  bt'low  Stiite  lloiiM 

HOOO  ffla(  Inflow  i^r  Ate  Uauiw. ....... 

40,000  J^«t  lielow  SLateHouAO - 

44,000  f««l  below  Stme-HoTi^o 

4*<.0O0  fr-et  below  State- Houiw. ...-,.  ^ 

B2,0W(  feet  belo  w  S  t  in  e-  II  ci  a»o 

56,000  t«ct  iH'low  State  U oil »c. 

00, 000  feet  btbjw  Ht*it«-  llaDfte - 

CM ,  ItOO  fee  t  beln w  St»tc<  Um  m - 

MOOOtVet  bobiw  HUtf  Uoiijse. , 

Moat  h  of  Biivoii  MaoL-baLC     ..,...,», 

1,000  feet  b*.dow  Hnyog  Mfincbm 

*t,  tMi  Je^ft  Ih  1cm  BttVoa  Mancbac ,  w 
12,000  feH  bebiw  Fiovoii  MnncJmc-..- 
I'J.OOO  feet  bt'low  liavoii  Manrbfto  ..* 
20,00*3  f(*t  bflow  UaVcia  Maoi!ba4„ .  * 
Sf4,000  feet  belu*  Baiyou  iJancbM...- 

Muutb  of  l'laqiir!tDUie  Biitou  . 

4,000  fi'ct  bf  inw  riaqntiiibii'^  JlavoQ.* 
e.OifO  iVet  below  Plafjiieniinei  Bay  on  . 
l£,tKK*  fitit.  1)4^1  ow  PlAquemine  Jk\voa 
10,000  f«iei  below  PluciLiemtni^  BaVdd- 
20*000  feet  below  PlnniieiuSno  Bajon, 
S1,00gf«et  bo  tow  PUqui'miue  Uayoti. 
tS,000  f*»t  beloff  PUquttnitnc  H^joa. 
3^0110  ft*t  bplow  PliqiupiBiine  B^jou. 
30,000  feet  IkIow  ria4iu(>oiine  liayoo- 
40,000  Iftpr  below  I*liU]UL'tEiDe  HajoUh 
44,000  fe^-t  belflw  Plnqnemitio  liavou- 
4S.000  feet  below  Flmiuflinlne  BnyoD, 
52,0(JO  f<  et  below  PltiquoEDine  Bcjoa, 
6fl,u0o  tout  below  PlftqueTnine  Bajrou- 

BnyouGimbi  ......,-..^.., . 

4,000  fe^^t.bolow  Rftvou  Goiiln. 

ft,  000  f*  ct  lH«lfiw  Bayou  Goiila 

1^,000  foot  below  B:iyon  Gonlft 

lOfiMO  feel  Iwlow  lift V oil  (.ronl*. . . 

20,000  feel  bulow  Bay  on  GouIa 

34,000  fc<it  lielow  Bayuii  fjuula.--,  „ » 

2»,000  foet  btilow  Bnyou  Gonla 

3tO|]0  fett  below  liny  on  Gonbi... 

36,000  fivt  below  Bajon  GouU .. 

40.000  feet  Iwlow  Bmjou  GotLla 

Opposlto  CloJbomfr  iid«.  >.*  p  . ........ 

4,uv0  f*;el  bflow  Cliilbonie  Isl«„ . .  „ . 
«,IK>0  feel  beluw  CbUliome  IsTe ..._... 
UOOO  feet  below  Clalbome  lele, ..... 

le^OOO  feet  below  Claiborne  lile. . , .  „ 

20,000  feet  b«low  CUibortie  Inle. 

AahXriTid  plantation ....  .....^..^ 

4,000  fipt  Ih;Iow  plAntfl.tion..., .,.,.., 

B>«00  feet  below  j*lan  tat  Ion .  „  .  .  . 

12,  (MO  f ei^.  belo w  plan  t  at  loD .  „ 

1«,UOO  ft-et  below  plaji  tat  ion..  _..,„„ 
20, 0(W  liTt  below  pi  an  talton  .........* 

2 1, IKK)  feet  below  plantailon.. .... 

*l»,vm  foct  lielow  plaiit*tlmi , 

32,000  fe*,'t  below  ijlantulloD , 

Doiuddsonvllle    .,, , 

McttTi  of  OH  lH'€tlODa  . , . . . . . , 


reeL 
l.»35 
4,132 

K,7B2 

4,  2:ji 
4,329 
5^575 
a,  030 

^280 
a,4T« 
a,  181 
%^1 
3^400 
2;  531 
S,il3 
3,313 
2,8Ce 
3.50« 
a,  073 
3,313 
3,575 
B,2S0 
2,574 

j.4ira 

2,771 

%im 

2.024 
2.620 
3,003 
3.  008 
2.558 
2.377 
2.400 
3.542 
5,345 
2,705 

2.  in 

2.052 
2,080 
2,»44 
2,000 
3.083 
4.200 
3.542 
2,501 
2.408 
3,033 
2.722 
2,755 
2,6S11 
2,655 
4,105 
S,444 
3,814 
2,090 
2,460 
2,l7tf 

xm 

2.024 
S.304 
8.003 
3.030 
2,052 
3,006 
2,010 
S,181 
2,853 
2,683 
2,083 
3,040 
2.030 
3,2fM) 
3,0^^7 
a.  067 
2,2M 
2,705 
a,0,-i7 
2,0.*i2 
^081 


FwbL 

'2.350 
*4,W0 
'3,250 
3,880 
3,500 
3,000 
a,70O 
3,000 
^,400 
2,400 
*3.320 
2,000 
2,350 
V,200 
2.050 
3,025 
2,400 
3,100 
3,4t}0 
3,000 
B.650 
3.250 
3,400 
2.250 
2,250 
2,475 
2.550 
2,500 
2.450 
3,700 
2,050 
2,400 
2.300 
2.450 
3,250 
2.000 
2,400 
2.  TOO 
2,760 
2,D7A 
2,gfiO 
2,080 
2,030 
4,400 
3,500 
2.  GOO 
2,400 
2,850 
2,700 
2,450 
2,450 
2,SO0 
3,7ijO 
3,250 
2,650 
2,650 
2,500 
2,250 
2,400 
2,SO0 
3,100 
3,500 
3,700 
3,400 
2,450 
2,800 
3,100 
3,000 
2,500 
2,550 
3,550 
3,500 
3.000 

3,ooe 

2,450 
2,000 
2,700 
2,000 
3,300 
2,835 


'Locality  ancertfttii 
•Do. 


*£Llet'a  raport 
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In  order  to  show  the  relative  widths  to  the  eye,  oarves  have  been  ]^lotted  with  the 
widths^  as  ordinates.  These  cnrves  follow  one  another  very  closely  till  we  reach  No. 
60,  where  the  wide  part  of  the  river  seems  to  have  moved  down-stream.  The  bar  on 
the  right  bank  has  moved  down-stream,  hot  a  part  of  this  seeming  discrepancy  is 
probably  dne  to  the  difficulty  of  identifylnff  the  high-water  bank,  where  a  rise  of  a 
few  tenths  of  a  foot  wonld  move  the  shore  Ime  back  several  hundred  feet. 

It  will  be  observed  that  at  Plaqnemine  and  the  straight  reach  below,  the  river  has 
grown  narrower.  This  is  also  partially  dne  to  the  difficulty  of  locating  the  high- water 
bank,  but  mainly  to  the  large  batture  which  has  formed  on  the  left  bank. 

The  above  comparisons  do  not  give  any  clew  to  the  changes  below  the  high-water  line. 
It  is  evident  that  accurate  results  cannot  be  obtained  by  measuriuff  the  widths  at  the 
same  identical  points  unless  they  are  very  close  together.  Where  bends,  islands,  and 
bars  are  moving  down-stream,  the  measurements  ^ould  rather  be  in  the  same  relative 
positions. 

Ckm^riton  of  orMSseoUoM  below  mouth  of  Bed  River. 

In  accordance  with  your  instructions,  comparisons  have  been  made  with  ail  avail- 
able cross-sections  of  previous  surveys  oetween  Red  River  and  DonaldsonviUe.  Seo* 
tions  have  been  selected  from  the  surveys  of  1883  whose  positions  are  nearly  identical 
with  those  of  former  surveys.  All  sections  compared  have  been  plotted,  and  the  re- 
sults are  appended  herewith.    (See  Plates  6,  7,  8.  and  9.) 

From  the  survey  of  Humphreys  and  Abbot  in  1^1  all  the  available  sections  have 
been  taken,  viz,  three  near  Red  River,  four  near  Baton  Rouge,  and  one  across  the 
Red  River  near  its  Junction  with  the  Mississippi.  The  data  for  the  above  has  been 
taken  from  Appendix  C,  pages  571  and  572,  Humphreys  and  Abbotts  Report. 

It  will  be  observed  that  section  24,  above  the  mouth  of  Red  River,  has  remained 
practically  the  same  shape,  although  it  has  moved  bodily  to  the  west  nearly  half  a 
mile.  (See  Plates  3  and  6. )  Section  25,  Just  below  the  mouth  of  the  Red  River,  shows 
a  remarkable  change  in  the  form  of  the  section,  while  the  shape  of  the  bend  has  re- 
mained nearly  the  same.  There  are  no  other  sections  of  the  old  survey  in  this  inmie- 
diate  vicinity,  hence  there  is  no  means  of  verifyins  the  peculiarity  of  the  chanse. 
The  nearest  section  below  (No.  27)  is  about  4  miles  distant,  and  here  we  find  a  decicted 
deepeninj^,  amounting  to  40  feet.  This,  however,  might  oe  expected,  as  the  section 
is  immediately  below  the  cut-off,  and  the  section  of  1851  was  made  less  than  three 
years  after  the  cut-off. 

The  sections  at  the  Mississippi  mouth  of  the  Red  River  also  show  a  decided  shoal- 
ing, amounting  to  20  feet. 

The  four  sections  in  the  vicinity  of  Baton  Rouge  do  not  show  very  much  change. 
A  comparison  of  these  sections  is  given  in  the  following  table : 

Comparative  area  ofeeoHone. 


KiimberofH.and 

lOMiaslppiBiTerCoin. 
miMkm,  1888. 

H.aadA.,186L 

Loodlty. 

A.  MOtlOD. 

depth. 

Am. 

depth. 

Area. 

94 

FM. 
56 

48 
125 
85 
M 
88 
85 
88 

128.600 
187,826 
100.425 
160,750 
168,760 
148,000 
161,876 
22,126 

FuL 
60 

102 
80 
89 
96 
80 

101 
58 

JFVit 

119,600 
178,860 
126,760 
151,826 
180,250 
147,750 
106.000 
80,876 

1  mfle  above  Bed  River. 

25 

Bed  River  Landing. 

4  milea  below  Red  Siver. 

87.- 

20 

Above  Baton  Roaee. 
Near  Convention  SfiaaoD. 

88 

88 

600  feet  below  Stkte-hooaa. 

84 

21 

Month  of  Red  River. 

In  these  comparisons  the  water  surface  at  time  of  sounding  in  1883  has  been  used  as 
the  limiting  line.  The  areas  were  measured  with  a  polar  planimeter.  the  mean  of  three 
determinations  being  used.  The  water  surface  of  1851  was  reduced  to  the  datum  plane 
of  the  later  survey,  as  follows : 

Hampson  bench  above  mean  tide  of  Gulfl  H.  and  A.,  1851 7.92 

Hampson  bench  above  mean  tide  of  Gulf,  M.  R.  C,  1882 7.13 

Difference  between  the  two  values 0.79 

5908  EN ^169 
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On  page  107  Humphreys  and  Abbot  Report^  tbe  elevation  of  the  high  ^ater  of  1851 
above  the  Gulf  is  given  as  49.5  feet.  Correcting  this  by  0.8  foot,  the  difiTcrence  in  the 
two  determinations  of  the  Hampson  bench  above  mean  tide,  we  have,  4(^.7  feet  as  the 
height  of  the  water  surface  at  Red  River  Landing :  or  56.7  feet  above  Memphis  datum 
plane,  which  is  225  feet  below  the  high  water  or  1858  at  Memphis,  Tcuu.,  or  190.84 
feet  below  the  zero  of  United  States  Engineers'  gauge  at  that  point.  It  is  8.1  feet 
above  the  mean  level  of  the  Gulf. 

No  comparison  of  the  benches  at  Red  River  or  Baton  Rouge  could  be  made.    Chief 


of  Engineer's  Report,  1872,  page  433,  states  that  <'no  vestige  of  the  old  United  States 
""        '  of  1873,  page  522,  gives  zero  of  Baton  Rouge,  gauge 

vey  gauge,  but  the  records  do  not  show  whether  gagi 
has  since  been  changed  or  not.    xhe  comparisons,  therefore,  depend,  for  the  Delta 


foot  lower  than  theDelta  Survey  gauge,  but  the  records  do  not  show  whether  gague 
has  since  been  changed  or  not.  xhe  comparisons,  therefore,  depend,  for  the  Delta 
Survey,  on  a  double  fine  of  levels  from  CarroUton  to  Baton  Rouge,  and  a  single  line 


"run  with  thejneatest  care"  from  the  latter  point  to  Red  River  Landing,  and  for 
the  survey  of  1883  on  a  line  of  **  precise  levels"  made  by  the  United  States  Coast  and 
Geodetic  Survey;  these  two  surveys  being  connected  only  at  the  lower  end,  on  what  is 
known  as  Hampson's  bench-mark.  It  is  probable  that  the  discrepancy  at  Red  River 
Landing  is  quite  small,  as  the  top  of  the  levee,  according  to  the  Delta  Survey,  is  59 
feet  above  the  Memphis  datum,  and  the  survey  of  1883  gives  it  as  58  to^59  feet  above 
same  datum. 

SeeWms  in  the  vioinity  of  Dondld^onvUle, 

The  next  reliable  sections  with  which  comparisons  can  be  made  are  in  the  vicinity 
of  Donaldsonville.  '  The  soundings  were  maae  bv  the  United  States  Coast  and  Geo- 
detic Survey  during  the  latter  pifft  of  1880  and  the  first  half  of  1881. 
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SqnwelMt 

Mean  area  of  flections  in  1881 122,836 

Mean  area  of  seotions  in  1883 123,593 

Difference  of  means .' 757 

Depths  are  referred  to  the  plane  of  1883. 

Thirty-two  sections  which  are  identical  with  or  come  very  near  the  sections  of  1883 
have  been  plotted  and  are  shown  on  Plates  9, 10,  and  11. 

The  sections  of  the  Coast  Survey  and  Geodetic  Survey  are  copied  from  tracings  (S.  48) 
on  file  in  this  office.  The  sonncungs  there  shown  were  reduced  to  the  ''  average  low 
water  of  the  year"  during  which  they  were  taken.  Tlie  stage  of  tiie  river  when  the 
soundings  were  made  was  but  a  little  below  the  high  water  of  1881.  A  comparison 
of  the  sections  is  given  in  the  above  table,  the  area  of  the  sections  being  measured 
below  the  lowest  water  surface,  or  that  given  by  the  United  States  Coast  and  Geodetic 
Survey  sections.  The  sections  were  plotted  and  the  areas  measured  with  a  planimeter 
by  Assistant  H.  B.  Wood. 

Very  zespectfuliy,  your  obedient  servant, 


J.  A*  0GKEB80N. 

AjuitUuU  Engineer. 


First  Lient.  Smith  S.  Leach, 

Seoretary  MiaHBeippi  Biver  OmmiatUm. 


APPENDIX  H. 

rxpobt  07  captain  clinton  b.  sears,  cobp8  of  snginebb8,  untted  states  ablcty 
exscutite  officer,  department  of  consteucnon. 

Department  of  Construction, 
8<ant  Louis,  Mo.,  November  5, 1883. 

Colonel:  In  accordance  with  your  circular  letter  of  September  6, 1883, 1  have  the 
honor  to  submit  the  following  report  of  operations  performed  under  my  immediate 
supervision  as  executive  officer,  construction  department,  Mississippi  River  Commis- 
sion, since  the  date  of  my  last  annual  report,  wnich  was  brought  up  to  December  1, 
1882.  , 

My  office  has  been  ially  employed  during  the  past  eleven  months,  in  the  construc- 
tion of  the  floating  plant,  recommended  by  the  Commission,  and  approved  by  the 
honorable  the  Secretary  of  War,  iu  its  distribution  to  the  various  works;  in  the  char- 
ter of  steamers ;  in  the  purchase  and  supply  of  stone,  wire,  coal,  subsistence  stores, 
and  other  material  required  on  the  several  reaches ;  in  the  care  of  the  fleet  at  Cairo, 
consisting  of  coal  and  floating  plant  not  in  use ;  in  the  repair  of  boats  and  barges, 
and  in  the  management  of  the  general  service  steamers. 

The  general  system  of  purchase  and  supply  was  outlined  in  my  last  report,  and 
need  not  be  repeated  here.  This  system,  as  tnere  stated,  has  been  continued.  Special 
freight  rates  have  been  secui-ed  from  commercial  steamers  and  from  the  railroads,  and 
shipments  have  been  made  by  one  or  the  other,  as  happened  to  be  more  favorable  at 
the  time,  whenever  the  shipment  has  been  so  small  as  not  to  Justify  bringing  one  of 
our  steamers  to  Saint  Louis. 

During  the  winter,  when  ice  has  closed  the  river  down  to  Cairo,  supplies  have  been 
shipped  by  rail  to  Cairo,  and  hence  by  our  steamers.  The  steamers  Mississippi  and 
Etneridge  have  been  kept  in  almost  constant  use  towing  our  barges  and  other  plant. 
In  Auffust  the  Etheridge,  in  bringing  down  a  tow  from  Louisville,  got  asround  at 
Flint  Island  bar,  in  the  Ohio  River,  and  was,  after  some  difficulty,  pulled  off  into 
deeper  water  above  the  bar.  As  tnere  appeared  to  be  no  prospect  of  getting  her 
down  for  some  weeks,  owing  to  low  water,  she  was  laid  up  at  Louisville,  under 
charge  of  watchmen,  and  her  crew  transferred  to  the  steamer  Jack  Frost.  Her  tow 
was  taken  down  bv  the  Reindeer,  a  small  light-draught  boat,  chartered  temporarily 
for  the  purpose.  October  16,  the  Etheridge  reached  Cairo  in  tow  of  the  Minnetonka, 
and  was  put  in  commission  immediately.  August  7,  the  steamer  John  Dippold,  a 
powerful  Doat  belonging  to  the  Mississippi  Yalley  Transportation  Company,  was  char- 
tered for  the  general  service  at  $50  per  day,  for  two  weeks,  or  longer,  if  necessary. 
She  was  kept  in  constant  use  until  October  7,  when  she  was  turned  in  to  the  owners. 
Another  large  steamer,  the  Jack  Frost,  was  chartered  for  the  general  service,  Septem- 
ber 15, 1883,  at  |50  per  day,  for  such  time  as  the  Etheridge  might  be  laid  up.  She 
was  surrendered  to  ner  owners  October  16,  1863.  and  the  same  diay  the  new  tow-boat, 
Minnetonka^  was  chartered  for  three  months,  at  |60  a  day,  with  the  privilege  of  pur- 


APPENDIX   T  T— rREPOBT  OP  MISSISSIPPI  RIYEB  COMMISSION.      2693 

cliase  at  $45,000,  leas  charter  money  paid.  At  present,  therefore,  we  have  in  the  gen- 
eral service,  three  steamers,  two  belonging  to  the  United  States  and  one  chartered. 
Boring  the  ten  months  ending  October  31,  1883,  the  Mississippi  has  moved  489 

S feces  over  varions  distances,  amounting  to  one  piece  moved  113,177  miles  at  a  cost  of 
S.9  cents  per  mile.  Her  average  daily  expenses  while  doing  this  work  have  been 
$96.42;  this  includes  fuel,  pay,  and  sabsistence  of  crew,  and  sapplies  and  other  run- 
ning expenses,  but  does  not  include  interest  on  her  cost,  nor  the  cost  of  repairs.  She 
has  also  made  several  trips  with  the  Commission  or  the  construction  committee, 
most  of  the  running  expenses  of  which  have  been  paid  by  the  secretary  of  the  Com- 
mission, out  of  the  appropriation  for  Mississippi  Biver  Commission. 

The  Etheridge  during  the  eleven  mouths  has  moved  377  pieces  over  various  distances, 
amounting  to  one  piece  moved  104,861  miles,  at  a  cost  of  22  cents  per  mile.  Her  av- 
erage dally  expenses  have  been  t68.84f . 

Ilie  IMppold,  while  under  charter,  moved  139  pieces  over  various  distances,  amount- 
ing to  one  piece  moved  37,930  miles,  at  a  cost  of  35.3  cents  per  mile.  Her  daily  ex- 
penses, including  charter,  averaged  1212.76.  She  was  in  service  63  days.  The  Jack 
Frost,  while  under  charter,  moved  &  pieces,  amounting  to  one  piece  moved  10,359 
miles,  at  a  cost  of  49.4  cents  per  mile.  Her  daily  expenses,  incluaing  charter,  aver- 
aged $165. 12^.  She  was  under  charter  31  days.  These  two  steamers  would  have  shown 
much  better  results.  &om  an  economical  point  of  view,  had  circumstances  permitted 
us  to  have  worked  them  up  to  their  full  capacities.  For  reasons  to  be  hereafter  ex- 
plained this  was  impracticable. 

The  Minnetonka  has  not  been  in  service  sufficiently  long  to  enable  me  to  report 
what  will  be  a  fair  averase  as  to  her  daily  expenses.  She  was  built  for  our  work,  and 
nothing  has  been  left  undone  by  her  owners  to  make  her  an  acceptable  boat  for  that 
purpose.  She  is  fully  equipped  in  every  respect  for  towing.  My  original  arrange- 
ment with  her  owners  was  to  charter  her  for  six  months,  but  owing  to  their  delav  in 
completing  her,  I  cut  this  down  to  three  months  with  the  privilege  of  a  renewal,  if 
needed.  Summing  np  the  above,  I  find  that  our  general-service  steamers  have  aver- 
aged $135.78f,  per  day  each,  as  to  running  expenses,  and  have  moved  1,074  pieces 
various  distances,  or  one  piece  266.327  miles,  at  an  average  cost  of  33.15  cents  per 
mile.  Estimating  each  piece  at  100  tons  (a  low  estimate)  will  make  the  cost  per  ton 
per  mile  one-thira  cent.  Had  we  had  this  towing  done  by  commercial  steamers  it 
would  have  cost  about  two-fifths  cent  per  ton  mile,  and  we  would  have  been  subjected 
to  many  vexatious  and  expensive  delays. 

My  steamer  captains  have  had  great  trouble  in  keeping  efficient  crews,  especially 
daring  the  sickly  season.  Government  boats  pay  no  hospital  dues,  and  when  men 
ship  on  them  they  forfeit  their  right  to  treatment  and  care  at  the  marine  hospitals, 
thus  losing  the  benefit  of  dues  previously  paid  when  on  commercial  steamers.  The 
past  summer  and  fall  seasons  have  been  very  unhealthy  on  the  lower  river,  and  sev- 
eral times  our  boats  have  been  disabled  for  want  of  effective  crews. 

I  would  eamesHv  recommend  that  the  Commission  take  some  action  towards  secur- 
ing, either  through  the  Treasury  Department  or  by  Congress,  some  remedy  for  this 
evil  It  seems  to  me  but  proper  that  men  employed  on  United  States  civil  vessels 
should  have  the  right  to  hospital  treatment.  Practically  this  is  at  present  denied 
them,  and  whether  proper  or  not,  it  would  certainly  add  to  the  efaciency  of  our 
steamer  service  if  such  medical  aid  could  be  given. 

The  chartered  steamer  Success,  in  use  on  Lake  Providence  Beach,  was  returned  to 
her  owners  April  20, 1883,  not  having  proved  satisfactory. 

January  1, 1883, 1  chartered  the  steamer  Graham  for  six  months,  at  $15  a  day,  for 
use  on  the  Memphis  Beach.  July  1  this  charter  was  extended  three  months  with  the 
privilege  of  six  months.    She  is  still  under  charter. 

January  2,  1888,  I  bought  the  steamer  Charlie  De  Pauw  for  $17,404,  she  having 

? roved  herself  a  valuable  and  efficient  boat.    She  was  kept  in  constant  use  on  Lake 
*rovidence  Beach  until  August,  when  she  broke  her  shaft.    She  was  sent  to  Saint 
Louis  for  a  new  shaft  and  a  general  overhauling.    After  beiuff  thoroughly  repaired  , 
and  partly  repainted,  her  name  was  changed  to  the  Vidalia,  ana  she  was  returned  to 
tlie  Lake  Providence  Beach,  where  she  is  doing  ffood  work. 

April  9, 1883, 1  chartered  the  steamer  J.  C.  fisner,  for  the  Lake  Providence  Beach, 
at  ^7  per  day  for  six  months.  Though  her  charter  has  expired  we  still  retain  her, 
and  expect  to  have  use  for  her  until  navigation  closes. 

June  1, 1883, 1  chartered  the  steamer  Little  Eagle  No.  2,  for  use  on  the  Plum  Point 
Beach,  for  seven  months,  at  $17.50  per  day. 

August  9, 1883, 1  chartered  the  steamer  Pearl,  for  use  on  Lake  Providence  Beach, 
for  three  months,  at  $17.50  per  day. 

September  2, 1883, 1  chartered  the  steamer  Little  Andy  Fulton,  for  use  on  Lake 
ProTidenoe  Beach,  at  $30  a  day  for  three  months. 

A  tug  and  launch  have  been  pnrohased  for  use  at  New  Orleans,  and  another  launch 
for  use  on  Flam  Poiiit  Beaoh. 
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The  Commission  lias,  therefore,  the  followiog  steamers  in  oon 
Belonging  to  the  United  States : 

Mississippi,  Etheridge :  Steam  tow-boats  for  general  service. 

Pete  Kims,  Itasca :  Steam  tow-boats  in  use  at  Plam  Point. 

Vidalia :  Steam  tow-boat  in  use  at  Lake  Providence. 

Mineola:  Steam  launch  sank  at  Plum  Point. 

Nellie :  Steam  launch  in  use  at  Lake  Providonoe. 

Titania :  Steam  launch  in  use  at  Plum  Point. 

Alaska :  Steam  launch  in  use  at  New  Orleans. 

Tilda :  Steam  tug  in  use  at  Now  Orleans. 
Chartered : 

Minnetonka :  Steam  tow-boat  in  general  service. 

Little  Eagle  No.  2 :  Steam  tow-boat  in  use  at  Plum  Point. 

Graham :  Steam  tow-boat  in  use  at  Memphis. 

J.  C.  Fisher:  Steam  tow-boat  in  use  at  Lake  Providence. 

Pearl :  Steam  tow-boat  in  use  at  ha^ke  Providence. 

Little  Andy  Fulton :  Steam  tow-boat  in  use  at  Lake  Providence. 

In  all,  eleven  steamers,  one  tug,  and  four  launches;  six  of  the  steamers  being  nnder 
charter. 

The  most  difficult  problem  to  solve  has  been  the  supply  of  stone  to  the  works :  and, 
80  far,  owing  to  a  number  of  circumstances  beyond  my  control,  I  have  been  unable  to 
keep  up  the  supply  in  a  manner  satisfactory  to  myself  or  to  the  district  officers.  The 
entire  absence  of  suitable  quarries  between  Cairo  and  Yazoo  River,  necessitates  the 
stone  being  brought  from  up  the  Ohio  River;  or,  from  Chester,  on  the  Mississippi 
River.  At  the  time  when  stone  is  needed  most,  navigation  is  in  the  worst  condition, 
dne  to  low  water  or  running  ice  in  the  Ohio,  and  low  water  or  solid  and  ronning  ioe 
in  the  Mississippi. 

Last  winter  the  supply  was  entirely  inadequate  to  the  demand,  owing  to  the 
danger  to  our  barges  from  the  running  ice  in  the  Ohio,  and  from  the  dimcnlty  in  load- 
ing barges  at  the  quarries,  dne  to  bad  weigher  and  sleet. 

During  the  summer  and  fall,  navigation  on  the  Ohio  River  has  been  so  bad  that  I 
have  taken  off  our  boats,  and  have  made  arrangements  with  the  contractor  to  receive 
and  deliver  our  barges  at  Cairo,  he  using  a  small  li^ht-draught  boat.  It  has  also 
been  dangerous  to  load  our  barges  to  their  full  capacities,  owing  to  low  water. 

For  several  weeks  I  could  not  get  barges  up  to  the  Ohio  River  quarries  with  even 
a  small  tow-boat.  Early  in  the  low-water  season  I  arranged  to  get  stone  at  Chester, 
111.,  but  the  loading  facilities  are  limited.  Another  cause  of  failure  in  supply  has  been 
want  of  barges.  This  has  arisen  from  two  canses.  The  district  officers  of  two  dis- 
tricts have  been  pressed  for  barges,  owing  to  the  scattered  condition  of  their  parties 
and  the  long  towage  of  brush,  and  have  had  to  utilize  whatever  empt^  general-serv- 
ice barges  were  at  hand.  In  this  way,  there  resulted  a  large  accumulation  of  general- 
service  barges  on  the  works,  leaving  the  quarries  withont  any  for  some  two  weeks. 

Again,  onr  barges,  necessarily  built  out  of  green  timber  and  sent  down  to  a  warm 
climate  in  the  hottest  season,  soon  began  to  need  recalking,  so  that  a  number  of  barges 
have  been  unavailable,  undergoing  repair. 

After  getting  a  tow  made  up,  low  water  in  the  Mississippi  has  made  it  both  difficult 
and  dangerous  to  get  the  tow  down,  and  we  have  lost  two  barges  and  their  loads  at 
Tipton vule  Bar,  and  one  barge  and  its  load  at  Old  Hen,  just  above  Hopefield.  This 
condition  of  affairs  has  prevented  the  boats  from  being  worked  to  their  full  capacities. 
During  high  water  there  is  no  trouble  in  getting  stone  loaded  and  towed  down,  but 
this  is  the  time  when  there  is  least  demand.  In  March,  I  began  the  storing  of  stone 
on  the  bank  at  Gold  Dust,  but  had  accumulated  only  some  3,000  ysrds  when  I  had  to 
take  it  all  for  use  at  Plum  Point.  In  August  I  contracted  for  the  delivery  of  20,000 
cubic  yards  on  the  bank  at  Arkansas  City,  for  the  use  of  the  Lake  Providence  Reach. 
Up  to  October  31  there  has  been  so  delivered  some  6,000  cubic  yards.  I  have  sent  a 
party  down  to  load  this  on  barges. 

The  only  way  to  insure  a  full  supply  of  stone  to  the  works  during  the  busiest  sea- 
son is  to  begin  in  January  of  each  year  the  accumulation  of  stone  on  the  bank  at 
two  or  more  points,  such  as  Gold  Dust  and  Arkansas  City;  this  to  continue  until  the 
demand  from  the  works  increases  so  as  to  take  all  the  quarries  and  towage  service  can 
snpplv.  The  stone  so  stored  can  then  be  taken,  from  time  to  time,  as  the  direct  supply 
faus  during  low  water.  This  method,  at  best,  is  clumsy  and  expensive,  but  I  see  no 
other  way  less  expensive  and  equally  sure.  This  cannot  be  done,  however,  the  com- 
ing season,  unless  an  appropriation  is  made  immediately  available.  We  should  have 
by  August  1,  1884,  at  each  of  these  places,  some  20,000  yards  at  least.  Since  Novem- 
ber 30,  1882,  I  have  supplied  to  the  works  some  72,719  cubic  yards  of  stone;  459  tons 
of  galvanized  steel  wire,  and  several  hundred  tons  of  miscellaneous  freight  in  the 
ahape  of  provisions,  rope,  lumber,  iron,  and  other  supplies.  Onr  contracts  require  us 
to  take  about  26,323  cubic  yarda  of  stone  in  addition  to  that  already  received.  I  sub- 
mit herewith,  marked  A,  a  table  showing  the  desoription^fixst  cost,  and  distribution 
of  the  floating  plant  bought  by  me  since  November  30, 1882 : 
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A  synopsis  is  herewith  submitted,  viz : 

1  Steam  tow-boat $17,404  00 

1  Steam  tag 5,000  00 

1  Steam  launch 3,000  00 

7  Mattress-boat* 40,360  00 

4  Screen-boats 6,000  00 

13  Quarter-boats 34,463  00 

134  Barges....^ 275,127  40 

2B  Pile-drivers 142,661  76 

2  Machine-shop  boats  (balance) 9,871  25 

1  Pumping-boat 1,500  00 

6  Whitehall  boats 339  00 

94  skiffs 2,126  00 

Outfit  of  plant 17,246  28 

Miscellaneous  (anchors,  hoisting-engines,  boilers,  electric-light  outfits, 

pump  and  dexrick) 9,968  78 

Hope 23,114  50 

588,201  97 

Of  this  amount  $1^^983.68  was  for  plant  now  in  use  for  the  general  service.  An 
itemized  statement  of  my  expenditures  from  December  1, 1882,  to  October  31,  1883, 
accompanies  this  report,  and  is  marked  B. 

The  following  is  a  classified  statement  of  said  expenditure : 

SCHEDULE  OF  EZPBNDIT0BB8  BT  CAPTAIN  CLINTON  B.  SBABa,  EXECUTIVE  OFFICES, 
CONSTBUCnON  DEPABTMBNT.  MISSISSIPPI  RIVER  COMMISSION,  ON  ACCOUNT  OF 
^PBOPRDLTION  FOR  IMPROVING  MISSISSIPPI  RIVER,  FROM  NOVEMBER  30,  1882,  TO 
OCTOBER  31,  1883. 

General  service. 
Office: 

Pay-roU |8,469  83 

Furniture  andofflceoutfit 387  45 

Stationery 371  12 

Transp6rtation  and  traveling  expenses 1, 400  85 

loeand  water '. 79  91     * 

Rent  and  repairs 679  70 

Gasandiuel 170  97 

Telegraphing 344  75 

MUeage 1,289  06 

Fuel  for  Captain  Sean 160  48 

$13,354  12 

Coal  Fleet. 

Material  and  supplies $369  57 

Plant  and  outfit 336  93 

Tmnsportation 174  84 

Labor 16  00 

Ice 7  59 

Care  of  pubUo  property 4,074  .00 

Repairs 30  33 

5,009  26 

Stone  Depot. 

Inspection  and  administration $13  50 

Material  and  supplies 338  06 

Phint  and  outfit 1,453  90 

Transportation 14  35 

Labor 2,681  00 

Subsistence 54  00 

4,654  81 

Steamer  Mississippi. 

Office  expenses ..  $46  51 

Material  and  supplies - 2,133  99 

Fuel 33  21 

Plant  and  outfit i..; 224  17 

Transportation  and  steamer  expenses 12,832  85 

Bepairs 1,517  42 

Labor 694  59 

Subsistence -.^..,,,...i •^».. ••.•.••.,.—  5,061  36 

CareQ/j?ul?Uoprop^V/,«^-..-^ -t 221  50 

r^  22,765  60 
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Steabcsb  Emma  Ethbribob. 

Offloeezpenses |65  31 

Material  and  sapplies i. 8,172  00 

Plant  and  ontfif. 1,433  50 

Transportation  and  steamer  expenses 13,962  72 

Bepairs 1,003  04 

Labor 496  20 

Snbsistenoe 3,726  74 

Care  of  pablio  property 207  99 

|28»000  40 

8TBAMXB  John  Difpold. 

Offlceezpenses i |6  40 

Material  and  supplies 1,199  20 

Fuel 3,665  60 

Bepairs 14  35 

Transportation  and  steamer  expenses 6»372  65 

Labor 40  75 

Subsistence 1,208  60 

12,607  55 

Stbambb  Jaok  Frost. 

Offlceexpenses $12  07 

Material  and  sapplies 1,739  02 

Plant  and  outat 19  26 

Fuel 1,131  19 

Transportation  and  steamer  expenses 3,340  42 

Labor 10  00 

Subsistence 554  01 

6,605  96 

Stbambb  Bbindbbb. 

Material  and  supplies $3  92 

Fuel 133  50 

Labor 6  00 

Transportation  and  steamer  expenses 459  96 

Subsistence 79  05 

68445 

Stbambb  Minkbtonka. 

Offlceexpenses tlO  21 

Material  and  supplies 360  09 

Truisportation  and  steamer  expenses 666  34 

Fuel 427  60 

Labor 23  92 

Subsistence 302  56 

1,990  74 

Total  account  of  general  service 89,732  69 

70R  KBW  MADRID  RBACH. 

Inspection  and  administration |461  07 

Offlceexpenses 3  00 

Plant  and  outfit 187,195  63 

Transportation... 1,870  66 

Matenal  and  supplies 686  18 

Labor 20  00 

Bepairs  to  plant 9  50 

Care  of  public  property 18  50 

190,264  54 

VOR  PLUM  POINT  RBACH. 

Inspection  and  administration |1|383  42 

Offlceexpenses 200  25 

Material  and  supplies 64.662  67 

Fuel 1,765  26 

Plant  and  outfit 68,596  73 

Transportation 5,674  28 

Bepairs  to  plant 6,989  03 

Labor 401  49 

Subsistence .- 32,191  86 

Care  of  public  property  •••.• •••••••••••••...  622  00 

202,486  99 
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VOB  1CEXPBI8  BSACH. 

iDspection  and  ftdminiatration ^ 91|850  16 

OfiBloe  expenses 2  00 

Material  and  supplies 12,956  21 

Plantandontflt 121,791  64 

Tnmsportation 5,712  24 

Bepaiis  to  plant 407  45 

Labor 115  50 

Sabsistence 1,277  92 

Care  of  pablio  property 260  65 

$143,773  67 

FOB  LAKE  PBOYIDXNCB  llBACH. 

Inspection  and  administration $1,934  49 

Offloeexpenses 13  10 

Material  and  snpplies 35,855  35 

Pnel 844  00 

Plant  and  outfit 144,152  84 

Transportation 13,064  08 

Bepairs  to  plant 2,734  68 

Labor 432  54 

Subsistenoe 27,257  94 

Care  of  public  property 586  46 

226,875  48 

Total  account  on  improving  Mississippi  River 853,133  57 

aCHBDULB  OF  BXPENDITUBBS  ON  ACCOUNT  OF  APPBOPBIATION  FOB  IMPBOVING  HAB- 
BOB  AT  NBW  0BLBAN8,  LA.,  FBOM  NOVBMBSB  30,  1882,  TO  OCTOBBB  31,  1883. 

Inspection  and  administration |299  67 

Offloeexpenses 10  00 

Material  and  supplies 3,290  03 

Plantandontflt 24,460  97 

Transportation 677  50 

Bepairs  to  plant 159  30 

Labor 168  97 

Subsistence 497  45 

Caie  of  public  property 6  00 

89,669  89 

8CHEDT7LB    OF   BXPBNDITUBBS    ON   ACCOUNT   OF    APPBOPBIATION    FOB    IBfPBOYING 
MOUTH  OF  BBD  BIYBB,  LOUISIANA,  FBOM  NOVBMBBB  30,  1882,  TO  OCTOBBB  31, 1883. 

Offloeexpenses |10  00 

Material  and  supplies 277  15 

Fuel 614  62 

Plantandontflt 4,624  00 

Labor 56  37 

Subsistenoe 910  60 

Transportation 26  00 

Care  of  public  property ....•  10  00 

6,488  74 

OLABSIFIXD  8UMMABT. 

Expended  for : 

Plantandontflt $574,189  46 

Material  and  suppUes 126,043  44 

Subsistence 73.122  11 

Transportation 65,439  76 

Bepairs  to  plant 12,866  00 

Fuelandgas 8,946  43 

Office  expenses  (including  pay-rolls) 8,848  68 

Care  of  public  property 6,007  10 

Inspection  and  administration 5,342  31 

Labor 5,167  33 

MUeage 1,289  06 

Bent  and  repairs 679  70 

Fomiture  and  office  outflt 387  45 

Stationery 371  12 

Telegraphing 344  75 

Ice  and  water 87  50 

889.138  80 
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GENERAL  8UMMART. 

Improving  harbor  at  New  Orleans,  La |29,569  89 

For  improving  month  of  Red  River,  Loaisiana 6, 428  74 

For  New  Madrid  Reach 190,264  54 

For  New  Madrid  Reach,  proportion  of  general  service 4, 605  84 

For  Plnm  Point  Reach 202,486  ^ 

For  Plnm  Point  Reach,  proportion  of  general  service 38, 144  57 

For  Memphis  Reach 143,773  67 

For  Memphis  Reach,  proportion  of  general  service 6, 837  91 

For  Lake  Providence  Reach 226,875  48 

For  Lake  Providence  Reach,  proportion  of  general  service. .  38, 144  57 


135,998  63 
194,870  38 
240,631  56 
152,611  58 
265,020  05 


889,132  20 


The  above  amount,  $89,732.89,  for  the  general  service,  has  been  divided  up  among 
the  several  allotments,  as  shown  in  the  general  summary.  Whenever  an  expenditare 
has  been  specifically  for  any  particular  reach,  it  has,  of  course,  been  charged  to  that 
reach.  There  have  been,  however,  large  expenditures  which  it  has  been  impossible, 
without  complicating  accounts  very  seriously,  to  definitely  assign  to  any  particular 
allotment.  These  I  have  divided  among  the  several  allotments  in  proportion  to  their 
respective  amounts,  duly  oonsiderinff  the  service  each  reach  has  received. 

When  towing  for  Red  River  and  New  Orleans  has  been  done  b^  the  eeneral  service 
steamers,  the  necessary  expense  has  been  met  by  assigning  sufficient  of  the  vouchers 
of  said  steamers  for  payment  by  these  appropriations.  This  method  of  dividing  the 
general  service  expenses  is  inaccurate,  clumsy,  and  unsatisfactory,  and  makes  my 
accounts  very  complicated.  I  would  recommend,  therefore,  that  if  another  appropri- 
ation be  given,  a  special  allotment  be  made  for  the  general  service,  with  authority 
for  me  to  draw  on  the  several  allotments  for  such  amounts  as  cover  specific  expendi- 
tures for  the  corresponding  reaches.  I  would  further  recommend  that  the  officer  in 
charge  of  the  fourth  district  purchase  all  his  own  supplies  except  such  as  he  may  find 
convenient  to  have  me  buy  and  ship,  as  stone  and  coal.  New  Orleans  is  a  better  mar* 
ket  for  this  district  than  Saint  Louis. 

I  summit  the  following  financial  statement  of  all  funds  expended  under  the  control 
of  the  Mississippi  River  Commission  to  November  1,  1883. 

Financial  Statement. 

(July  1, 1882,  to  October  31, 1883.) 

NEW  MADRID  REACH. 


By  Captain 
Sean. 


BvCaptain 
Eni^t 


T«ytaL 


Drawn  from  Traasory., 
Bzpended 


$207.000  00 
a04»572  16 


$5,500  00 
4,408  05 


$212.600  00 
209,071  11 


Balances  in  hand,  available  November  1, 1883. 


2,427  84 


1,00105 


8,428  80 


All  the  allotment,  viz,  (212,500,  has  been  drawn. 

PLUM  POINT  KBACH. 


By  Captain 
Sears. 


ByCaptain 
Knight. 


TotaL 


Balances  on  hand  from  previons  appropriation,  fiscal 

year  endlngJnne  30, 1882 

Drawn  from  TreaBury  of  corxent  appropriation 

Total  lo  be  accounted  for 

Expended 

BalaaMesinhaod 


$10,232  11 
814, 000  00 


$12,424  90 
635,000  00 


824. 232  11 
298.886  96 


647,424  00 
561,917  16 


20^865  15 


£5,607  74 


$22,667  01 
949.000  00 


971,657  01 
880,784  12 


110,872  80 
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Allotmont  from  onmnt  ftppropriatioii |1, 000, 000  00 

Diftwn  from  Tz«Mia7 949,000  00 

BAlanee  in  TrOMiiZT 51,000  00 

BaUuiM  in htfida  of  dilbiining ofl&oera 110,872  89 

▲TttUable,  KoTomber  1, 1863 160,872  89 

XnCPHIB  SXACH  AKD  HAEBOB. 


By  Captain 
Sean. 


BvMiO«r 
Hill«r. 


Total 


DiBwn  tnm.  TreMOzy,  A«. 
Bzpcnded 


$167,000  00 
102,879  64 


$125,000  00 
105^800  00 


$202,000  00 
268,200  64 


tahaad. 


4,690  86 


19,110  00 


23,730  36 


AllotDMnt  ftom  cnnent  ftppiopiifttion |325,000  00 

Drawn 292,000  00 


Balanoo in TroMiiiy 33,000  00 

Balanoeinhandsofdisbimiiigoi&cen 23,730  36 

ATftilable  NoTombor  1, 1883 66,730  36 

BUBVBT  OF  HKLEKA  BKAGH. 

Dnwn  by  ICi^or  Miller $8,000  00 

Expended  by  H^ior  MUler 7,511  29 

Balance  ftTftilable  KoTember  1, 1883 488  71 

All  the  Allotment,  tIs,  fQ^OOO,  has  been  drawn. 

LAXB  PBOTCDSNCB  BBACH. 


By  Captain 
Sean. 


ByCai 


TotaL 


BilaoeeBOB  hand  ftom  ^praprlatioD  for  flaool  year 

eodinf  JueOO,  1882 

Dmwn  orom  Treasury  ef  onrrent  appropriation 


•10,282  11 
854,000  00 


$8,84174 
450,000  00 


$13,678  85 
813,000  00 


Total  to  be  aeeonntod  flir. . 
ital 


364,239  11 
350,58133 


462,341  74 
447,714  50 


826.578  85 
807,245  99 


4,700  78 


14,627  15 


19,327  08 


Allotment  from  onnont  appropriation 
Drawn < 


Balanoe  in  Treasury , 

Balance  in  hands  of  disbusing  offlcera 

Available  KoTember  1, 1883 156,327  93 


1950,000  00 
813,000  00 

137,000  00 
19,327  93 


Drawn  by  Captain  Marshall. 
Expended  by  Captain  Marshall. 


YXCKSBUBQ  HABBOB. 


Balance  in  hand 

Allotment  from  eoxrent  appropriation. 
Drawn 


Balance  in  Treasury 
Balance  in  hand  .,** 


$50,000  00 
44,522  40 

5,477  60 

100,000  00 
50,000  00 

50,000  00 
5,477  60 


ATaUableHovember  1,1883 55,477  60 
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mSW  OBLSANS  HABBOB. 


By  GapUin     By  IDOor  Stiok- 
Smm. 


ney. 


TotiO. 


BolukoeinTreMiuy  Jiilyl,  1883,  fromprarUMUftppzo- 

pzifttloiL 
B&noes  in  hand  July  1, 1883 

Total  to  be  aooomntedfor 

Drawn  ftom  Treasniy 

Bipended 


$88,000  00 
29;  500  80 


Balances  In  hund. 


8,430  11 


$8,307  01 


8,287  01 


8,207  01 
8.845  01 


^577  10 


$144,685  00 
8.207  91 


147,703  81 


41,287  01 
88,414  00 


3,858  01 


Available  July  1,  1882 1147,793  81 

Drawn 41,367  91 

Balance  in  Treasury 106,525  90 

Balance  in  hands  of  disbursing  oi&cers 2,853  01 

Available  November  1, 1883 109,378  91 

SAINT  FBANCI8  FBONT,  FIB8T  DIBTBICT. 

Drawn  by  Captain  Knight |5,000  00 

Expended  by  Captain  Knight 3,312  91 

Balance  available  November  1, 1883 1,687  09 

All  the  allotment,  viz,  t^,000,  has  been  drawn. 


BAINT  FBANGIB  FROin',  SECOND  BIBTBIOT. 

Drawn  by  M^jor  Miller $4,000  00 

Expended  by  Mfijor  Miller 3,212  93 

Balance  available  November  1|  1883 787  07 

All  the  allotment,  viz,  |4,000,  has  been  drawn. 


HOITTH  OF  BED  BIVBB. 


By  Captain 
MiUer. 

By  Captain 
Sean. 

By  lC%)or  Stick- 
ney. 

TotaL 

Drawn  from  the  Treaanry  from  pre- 

$15^812  40 
7,658  40 

$7.000  00 
6,428  74 

$15,000  00 
87.888  46 

$87,818  40 
61,870  66 

jixpeiniea -              .     - 

Balances  In  hand 

*8^I58  04 

57126 

-22,883  46 

—14,158  26 

*  Transferred  to  M%Jor  Sticlmey.  September  30, 1882. 

Available  June  30, 1882 190,812  40 

Drawn 37,812  40 

Balance  in  Treasury 53.000  00 

Balance  in  hands  of  disbunliig  officers —14,158  26 

Availabl©  November  1,1883 38,84174 
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KATGHBZ  AND  VIDALIA. 


»',Sr" 

By  Mi^or  Stick- 
ney.  • 

TotaL 

•^^Sl 

$8,252  04 

$2,197  67 

2,920  62 

Bttl^noi^  ftTiiJ1ftb1i>  'N'9yinD>>^i'  1. 1^^ 

*7,529  09 

—2,197  67 

6,88142 

*Ti»iiafeired  toMi^or  Stiokney,  September  9, 1882. 
OBSERVATIONS  AT  CARROLLTON,  LA. 

The  allotment  of  $3,000  from  the  appropriation  for  improving  MifisiBsippi  River  has 
been  drawn  and  expended  by  M%jor  Stiokney.  The  observations  are  now  being  car- 
ried on  with  an  allotment  from  the  appropriation  for  MiBsissippi  River  Commission. 

SUBVBT  OF  UNLEVBSD  FRONTS  IN  THIRD  DISTRICT. 

Drawn  by  Captain  Marshall $1,000  00 

Expended  by  Captain  Marshall 496  96 


Balance  available  November  1, 1863 

All  the  allotment,  vis :  $1,000,  has  been  drawn. 


503  04 


BUHVJBV  OF  XJNUEVBXD  FRONTS  IN  FOURTH  DISTRICT* 

Allotment $1,000  00 

None  of  which  has  been  drawn  or  expended. 

SUKVJEl  OF  CUBITT'B  GAP. 


Drawn  by  Mi^or  Stiokney..^. 
Expended  by  M^jor  Stiokney . 


$300  00 
137  14 


162  86 


Balance  avaOable  November  1, 1883 

All  the  allotment,  vis :  $300,  has  been  drawn. 

DBLTA  point,  LOUISIANA. 

Balance firom  another  appropriation *. $25,770  13 

Allotment  from  appropriation  for  improving  Mississippi  River 50, 000  00 

Available  Jnne  30, 1882 75,770  13 

Expended  by  Captain  Marshall 75,762  49 

764 


Balance  on  hand . 
This  work  is  finished. 


CHOCTAW  BSND  SURVXT. 


Drawn  by  Captain  Marshall $2,700  00 

Expended  by  Captain  Marshall 2,679  86 


Balance  in  band. 


20  14 


Allotment  firomcnrrent  appropriation 4,000  00 

Drawn 2,700  UO 

Balance  in  Treasury 1,300  00 

Balance  in  hand 20  14 


Available  for  transfer  to  other  works  . 
This  sorroy  has  been  completed. 


1,320  14 
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BONKBT  CABBB  CRBTASSB. 

All  of  the  allotment,  viz :  |15,000,  has  been  drawn  and  expended  hj  Hi^or  Btiokney. 

LBVSBS,  SECOND  DIBTBIOT. 

Yagoo  F^roni. 

Drawn  by  M%jor  Miller $80,950  00 

Expended  by  Msjor  Miller 79,832  25 

Balance  available  November  1, 1883 1,117  76 

All  the  allotment,  viz :  $80,950,  has  been  drawn. 

THIBD  DI8THICT. 

I>rawn  by  Captain  Marshall $328,840  00 

Expended  by  Captain  Marshall $291,156  49 

Balance  in  hand ^ 37,683  51 

Allotment  from  current  appropriation ^...    348,840  00 

Drawn 328,840  00 

Balance  in  Treasury 20,000  00 

Balance  in  hand 37,683  51 

Available  November  1, 1883  .-. 57,683  51 

Ttufoo  Front, 

Drawn  bv  Captain  Marshall $334,050  00 

Expended  by  Captain  Marshall 313,836  32 

Balance  available  November  1, 1883 20,213  68 

All  the  allotment,  viz,  $334,050  has  been  drawn. 

FOURTH  DISTRICT. 

AUhttfataya  .Fhml. 

Drawn  by  Major  Stickney $100,000  00 

Expended  by  Mnjor  Stickney 102,947  22 

Balance  in  hand —  2,947  22 


Allotment 110,000  00 

Drawn 100,000  00 

Balance  in  Treasury * 10,000  00 

Balance  in  hand —  2,947  22 

Available  November  1,1883 - 7,062  78 

TetUM  Front, 

Drawn  by  Major  fitiokney $426,160  00 

Expended  by  Major  Stickney 251,630  81 

Balance  available  November  1, 1883 174.529  19 

All  the  allotment,  viz^  $426,160,  has  been  drawn. 

Total  levee  allotments,  including  Bonnet  Carre  Crevasse 1, 315, 000  00 

Drawn 1,285,000  00 

Balance  in  Treasury 30,000  00 

Balance  in  hands  of  disbursing  officers 830,696  91 

Available  November  1,  1883 960,596  91 
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SUMMARY. 

Total allotmenta #3,978,800  00 

Unallotted  and  in  Treaaury 144,200  00 

Unallotted  and  in  hands  of  Captain  Sears^  from  sale  of  fuel  to  himself.  126  00 

Total  appropriation 4,123,120  00 

Balances  from  last  appropriation 36,230  8(i 

Balances  from  other  appropriations 272,628  38 

Total 4,431,985  24 

Acconnted  for  as  follows: 

InU.  S.  Treasniy,  not  drawn 607,025  90 

Expended 3,433,716  04 

In  hands  of  disbarsinK  officers 391,243  30 

Total 4,481,985  24 

Total  available  November  1, 1883,  for  works  earned  on  under  the  Mis- 
sissippi River  Commission 998,269  20 

The  greater  portion  of  this  available  balance  will  be  exliansted  by  Jannar^  1, 1884. 
The  larffe  amount  of  public  property  to  be  taken  care  of,  and  the  uncertainty  con- 
cerning the  time  when  another  appropriation  will  be  made,  makes  it  desirable  to  re- 
serve sufficient  fhnds  to  amply  provide  for  such  care  of  property.  I  would,  therefore, 
recommend  to  the  Commission  that  the  work  on  the  several  reaches  be  brought  to  a 
close  at  an  early  date,  and  the  forces  be  reduced  to  the  lowest  point  compatible  with 
the  proper  protection  of  the  works,  the  care  of  public  property,  and  the  settlement 
of  accounts. 
All  of  which  is  respectfully  submitted. 

Clinton  B.  Scabs, 
Captain f  Engineers,  U.  S,  A,, 
SxeeuHve  Officer,  Canetruetian  Dej^t,  M,  B,  0. 
Lieut  Col.  C.  B.  Comstock, 

Corpe  of  Engineere,  U,  8.  A,, 

Ftetidmi  Meeiirippi  Bitfer  CommiatUm. 
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APPENDIX  I. 

report  of  captain  j.  o.  d.  knight,  corps  of  engineers  upon  opbratioks  in  the 

first  district. 

United  States  Engineer  Office, 

Cairo,  III,  November  27,  1883. 
Colonel  :  The  following  report  is  Biibmitted  in  compliance  with  instructions  of 
September  6,  1883,  to  aend  immediately  after  October  31,  18b3,  a  report  of  work  done 
by  me  with  fnnds  controlled  by  the  Mississippi  River  Commission  since  the  date  of  my 
last  annual  report  and  up  to  October  31, 1^. 

It  coYers  (1)  levee  location  alone  the  Saint  Francis  front ;  (2)  the  improvement  of 
the  New  Madrid  Reach ;  and  (3)  the  improvement  of  the  Plum  Point  Reach. 

saint  FRANCIS  FRONT. 

September  16,  1682,  instnictions  were  issued  by  the  Commission  that  such  surveys 
should  be  made  of  the  Saint  Francis  front  in  the  first  district  as  would  render  it  pos- 
sible to  report  to  the  Commission  the  cost  of  closing  all  gaps  in  the  lovee  to  the  old 
grade  along  that  front;  but  no  allotment  out  of  which  to  pay  the  cost  of  such  surveys 
was  made  until  November  19,  when  (5,000  was  allotted  for  the  survey  of  so  much  of 
the  Saint  Francis  front  as  lies  in  the  first  district.  Two  days  later  the  Commission 
adopted  instructions  for  the  surveys  of  new  levees. 

As  the  old  levee  that  could  be  utilized  in  the  construction  of  the  new  amounted,  ii> 
the  first  district,  to  but  1  per  cent,  of  the  volume  of  the  entir<»  work,  instead  of  for 
closing  gaps  in  the  old  levee,  the  required  estimates  were  for  virtually  building  a  now 
levee  cdong  this  front ;  hence,  the  instructions  of  the  Commission  as  to  surveys  for  new 
levees  were  decidedly  applicable  to  this  work. 

In  November  a  small  party  was  sent  out  to  commence  the  local  ion ;  bat  as  it  was 
discovered  that  its  instructions  were  not  sufficiently  comprehensive,  and  as  fuller  in- 
structions necessitated  a  differently  organized  party,  the  first  was  recalled. 

As  the  surveys  and  estimates  could  not  be  made  in  time  for  the  last  annual  report, 
the  survey  was  deferred  until  after  the  high  water.  In  the  spring,  propositions  wore 
received  from  various  parties  to  make  the  required  surveys  at  prices  varying  from 
$15  to  $100  per  mile ;  and  the  lowest  proposition,  that  of  Civil  Kn^^ineer  H.  N.  Pharr, 
Lagrange,  Ark. ,  accepted.  His  party  sta rted  out  about  Jnno  1 , 1 8H3.  from  Bird's  Point, 
Mo.,  ana  prosecuted  the  work  with  energy  until  it  was  stopped,  io  the  bend  above 
New  Madrid, by  hip^h  water.  Resuming  in  July,  Engineer  Pharr  carried  on  the  loca- 
tion to  its  completion.  The  level  notes  and  profiles  were  received  in  September ;  the 
end  of  October  passed  without  the  plotted  location  coming  to  hand. 

As  an  approximate  estimate  the  following  figures  are  given,  to  be  followed  by  a 
complete  report  when  additional  data  are  at  hand : 

Length  of  line  to  be  leveed miles..  228.5 

Length  of  line  to  be  cleared do ... .  1 14. 5 

Volume  of  ent ire  levee cubic  yards . .  9, 000, 000 

Volume  of  old  levee  available do 90,000 

Volume  of  earth  to  be  moved ^....do 8,910,000 

Estimating  earthwork  at  25  cents  per  yard,  clearing  at  |30  per  acre — ^the  number 
of  acres  being  estimated  as  750— and  cost  of  surveying  and  inspection  at  $50,000,  the 
approximate  cost  of  leveeing  so  much  of  the  Saint  Francis  front  as  is  in  the  first  dis* 
trict  will  be  |2,30I,000. 

The  amount  expended  under  the  allotment  is  as  follows : 

Survey  party  and  draughtsman $3,069  96 

Inatraments,  stationery,  and  maps 226  05 

Damage  to  crops 9  50 

Mileage 8  00 

Total 3,312  91 

STATEMENT. 

Allotment |5,000  00 

Expended  as  in  above  statement 3,312  91 

Balance  on  hand  November  1, 1883 1.687  09 
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Aa  an  alternate  line  is  still  to  be  run  between  Bar  field  and  M.ll  Bayou,  and  aa 
farther  examinations  must  be  made  with  reference  to  the  drain.t^e  of  the  swamp 
lands  of  Southeast  Missoari  and  Northeast  Arkansas,  this  balance  will  all  bereqaired 
for  liabilities  incurred  or  to  be  incurred. 

KEW  MADRID  REACH. 

The  Commission  recommended,  Ansust  18, 1882,  that  the  district  officer  have  a  sur- 
vey, with  a  view  to  improvement,  made  for  the  New  Madrid  Reach  at  next  low  water; 
and  that  he  prepare  and  submit  a  project  for  the  plant  needed  for  this  reach  and  one 
for  the  work  of  improvement.  Later  I  was  informed  tbat  the  survey  and  plans  called 
for  of  the  New  Madrid  Reach  should  include  the  river  from  the  head  of  Islana  No.  8  to  the 
foot  of  Island  No.  14,  a  distance  of  60  miles.  August  18, 1882,  an  allotment  of  $700,000 
was  made  for  the  works  on  this  reach. 

The  survey  was  commenced  September  23,  1882,  1.5  miles  above  Island  No.  8,  and 
the  field-work  completed  during  the  following  December,  having  beim  carried  to 
GayoBO,  2  miles  below  Island  No.  14.  A  map  of  the  entire  survey  was  Ws^nrely  drawn 
later. 

September  14,  1882,  the  following  plant  for  tliis  reach  was  recommended  by  the 
construction  committee  of  the  Commission  and  approved  by  the  Commission :  Twenty 
pile-drivers,  forty  deck-barges  for  stone  and  brush,  one  machine-shop  boat,  six  quarter- 
boats,  four  two-huudred-foot  mattress-boats,  six  one-hundred-foot  mattress  boats,  six 
screen-boats,  and  forty  skiff's. 

December  19,  1882,  while  the  construction  of  plant  already  ordered  was  continued, 
otherwise  the  allotment  for  this  reach  was  suspended;  and  on  March  i6|300,000of 
this  allotment  was  transferred  to  the  Plum  Point  allotment,  and  the  balance  found 
to  remain,  after  payment  of  all  liabilities,  ordered  transferred  to  the  Lake  Providence 
allotment. 

The  plant  ordered  by  and  constructed  for  the  executive  officer  of  the  construction 
department  of  the  Commission  is  twenty -five  pile-drivers,  one  machine-shop  boat,  and 
forty  barges,  as  set  forth  in  the  following  table : 


List  of  floating  property  bought  hy  the  executive  officer, 

of  allotment  for  New  Madrid  Beachy  for  uee  onl 


pi  Bivcr  Commiseian,  out 
I  reach. 


Description. 

No. 

First  cost 
of  each. 

Totiil  cost 

Bemarka. 

BftnroB. 

19 
5 

10 
6 

1 
1 

20 

$1,850  00 
1, 849  00 
1,800  00 
1, 950  00 
2,000  00 
8.130  00 

5,825  88 

$35,150  00 
9, 245  00 
18,000  00 
9, 750  00 
2,000  00 
8,130  00 

lOe,  517  60 

1.680  48 
227  45 

m 

1  Of  tlieee  barges,  17,  tostioii: 
$32,045,  are  in  use  on  Plnm 

>  Point  Reach,  and  23,  valued 
at  142. 100,  in  general  towage 
service 

iS::::::::::::::::::::::::::::::: 

Do : 

Do 

Do 

HAchine-shopboAt* 

Tn  uw)  at  Plum  Pointr 

Pilo^rivers 

Ancbon 

(  5  in  nae  at  Plnm  Point:  5  in 
<aae  at  Lake  Providence;  10 
{laidnp. 

Oatflt 

Total *. 

192,850  53 

*Ibe  cost  of  the  machino-ahop  boat^  without  tool  oatfit,  was  $3,380. 
The  expenditures  under  the  original  allotment  are  as  follows : 


Captain 
Sears. 


Captain 
Knight. 


Total 


General  administration  . 

Office  expense 

Care  of  property 

Cost  of  plant 

SteamerM,  towage,  Sec... 

Surveys 

Labor  on  plant 

Miscellaneous 


$632  92 

21  00 

18  50 

188, 649  99 

6,496  50 


Total. 


20  00 
8,833  25 

204,572  16 


$4,488  95 


4,498  96 


$682  92 

21  00 

18  50 

193,549  99 

6,496  60 

4.498  95 

20  00 

8,883  25 

908,071  U 
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Allotment $700,000  00 

Transferred  to  Plum  Point  allotment $300,000  00 

Transferred  to  Lake  Providence  allotment 187, 500  00 

Disbursed  by  Captain  Sears 204,572  16 

Disbnrsed  by  Captain  Knight 4,498  95 

696,571  11 

Balance 8,428  89 

Balance  in  bands  of  Captain  Sears  November  1 |2,427  84 

Balance  in  bands  of  Captain  Knight  November  1 ^ 1,001  05 

3,428  89 

Though  apparently  it  is  not  contemplated  to  begin  work  on  the  New  Madrid  Reach 
with  any  portion  of  the  appropriations  hitherto  made,  the  still  existing  necessity  of 
the  improvement  of  this  reach  cannot  be  doubted.    During  the  low-water  season  Just 

Sossed  it  has  been  marked  by  three  of  the  most  troublesome  places  between  Cairo  and 
[omphis,  viz :  Phillip's  Crossing,  Point  Pleasant,  and  Tiptonville.  Shoal  water  and 
tortuous  channel  have  characterized  these  places,  and  the  latter  vicinity  has  been 
marked  by  loss  of  property,  delay  of  steamboats,  and  many  channel  chanees.  It  will 
continue  to  be  so  characterized  until  the  extremely  unstable  banks  from  New  Madrid 
to  Tiptonville  be  protected  from  the  assaults  of  the  river,  and  the  channel  otherwise 
fixed.  The  locality  is  an  excellent  one  for  a  crucial  test  of  any  system  of  bank  pro- 
tection, much  of  the  river  bank  being  sandy  and  high. 

Should  the  Commission  consider  the  advisability  of  work  of  river  improvement  else- 
where than  where  already  commenced,  I  would  suggest  this  field  as  one  where  im- 
provement is  urgently  demanded. 

PLUM  POINT  RBACH. 

From  December  19, 1682,  to  June  6, 1883,  First  Lieut.  T.  W.  Symots,  Corps  of  En- 
fl^eers,  was  in  local  charge  of  work  on  this  reach.  On  his  accepting  other  duty. 
United  States  Assistant  Engineer  A.  J.  Frith  resumed  charge,  and  has  since  retained  it. 

Since  the  date  of  my  last  report,  additional  dikes,  shown  on  the  maps  of  the  reach 
annexed  (Plat«s  II-V),  and  as  follows,  have  been  ordered  by  the  Commission :  Two. 
dikes  la  and  16,  between  dikes  1  and  2,  at  Gold  Dust;  dike  4,  in  Osceola  Chute,  and 
dike  2,  in  Bnllerton  Chute. 

The  dikes  in  course  of  construction  at  that  date  were  those  at  Gold  Dust — ^the  main 
dike  and  cross-dikw  1  to  5— the  Osceola  middle,  and  Osceola-Bullerton.  Later  work 
on  the  upper  Osceola  was  resumed.  Osceola  cross  No.  1  was  commenced  March,  1883; 
Osceola  cross  No.  2,  April,  1883 ;  Osceola  cross  No.  3,  March,  1883 ;  Bullert'On  cross- 
dike  No  1,  June,  1883;  Plum  Point  main  dike  and  No.  1  cross-dike  in  September,  1883, 
and  No.  2  cross-dike  in  October. 

Of  the  dikes  ordered  or  approved  by  the  Commission,  the  following  have  not  been 
commenced:  Osceola  cross  ^o.  4,  Bnllerton  cross  No.  2,  and  Plum  Point  cross  Nos.  3, 
4,  and  5.  Osceola  cross-dike  No.  4  was  ordered  June  30,  18i^,  but  its  construction 
could  not  be  carried  on  at  low  water.  Bnllerton  cross-dike  No.  2,  ordered  at  the  same 
time,  could  not  be  put  in,  as  the  attempt  so  to  do  would  bave  interfered  with  the  use 
of  the  only  navigable  channel  near  Bnllerton  Tow-head ;  the  Plum  Point  dikes  were 
deferred,  as  my  project,  in  which  they  were  incorporated,  was  approved  subject  to  the 
proviso  that  they  be  not  undertaken  so  louf^  as  the  plant  can  be  employed  elsewhere. 
While  projects  submitted  from  time  to  time  covered  bank  protection  of  the  Ten- 
nessee snore  from  Ashpo^to  Gold  Dust,  of  the  Arkansas  shore  from  Mill  Bayou  to  upper 
Osceola  Chute,  and  n>om  Bnllerton  Chute  to  Craighead  Point,  of  upper  and  lower 
Osceola  Bars,  of  Bnllerton  Tow-head,  and  Yankee  Bar,  to  attempt  to  protect  more  than 
Bnllerton  tow-head  has  been  found  impracticable.  That  this  snould  be  protected  was 
necessary,  as  the  bar  in  front  continually  crowded  the  water  over,  thus  threatening 
the  cutting  in  two  of  the  tow-head ;  also  as  the  river  persisted  in  establishing  for  this 
season  the  main  channel  in  Bnllerton  Chute,  there  might  have  been  much  wearing 
away  at  the  head.  Two  thousand  six  hundred  and  ninety-four  feet  of  mattress,  with- 
ont  npper  bank  protection,  were  built  at  Ashport,  and  so  far  have  served  to  prevent 
caving. 

'  The  following  table  shows  the  amount  of  work  reported  at  each  place  and  the  amount 
of  dike  actually  standing,  as  shown  by  the  reports  of  Assistants  Geuder,  Marx,  Nolty, 
and  Yeager  (Appendices  J2-J  5)  and  the  plates  thereto  annexed  (Plates  II-V).  Tlie 
difierence  between  the  two  items  serves  as  a  basis  for  determining  the  total  amount 
of  work  destroyed,  not  limited  to  the  past  year,  and  the  estimated  value  thereof. 
These  values  are  based  on  those  given  later  in  a  table^  showing  the  amount  and  cost 
of  all  work  on  this  reach : 
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The  damage  to  the  pile-work  resnited  from  the  weak  forms  of  dike  first  used,  from 
its  incomplete  condition,  and  from  irresistible  scouring  action  of  the  river.    ^ 

The  first  work  consisted  of  bents  formed  by  pnlling  over  and  fastening  at  the  tops 
corresponding  piles  of  two  parallel  rows;  2,400  feet  of  this  was  removed  by  scoor  in 
the  absence  of  a  foot-mat.  Later,  dikes  of  piles  braced  by  single  inclined  piles  and 
longitudinal  stringers  were  tried  and  found  wanting;  the  one  at  Upper  Osceola 
Chute  having  been  almost  wholly  broken  off,  though  not  before  it  had  induced  much 
deposit  at  the  head  of  the  chute.  Then  was  tried  a  form  shown  in  my  report  of  1882, 
still  weak,  as  was  shown  by  its  experience  with  the  high  water  of  last  spring.  A 
standard,  planned  by  United  States  Assistant  Engineer  A.  J.  Frith,  has  been  adopted 
for  the  present,  and  will,  it  is  thought,  prove  sufficiently  strong. 

Apart  from  toe  dikes,  even  if  finished,  being  too  weak  to  resist  the  great  strains  to 
which  they  have  been  subjected,  there  was  the  desire  to  take  advantai^e  of  favorable 
stages  of  water,  which  resulted  in  the  pile-work  being  hurried  ahead  too  far  in  ad- 
vance of  its  protecting  mat- work;  and  when  rising  water  came,  there  came  with  it 
musses  of  drift,  which,  at  the  same  time,  both  preventicd  mat  construction  and  in- 
duced scour.  Finally  2,500  of  the  3,300  feet  of  Osceola  middle  dike  were  carried  away 
by  the  river  suddenly  scouring  out  a  volume  having  a  cross-section  of  1,200  feet 
width  and  20  depth*  Even  the  foot-mat  along  its  firont  failed  to  stay  this  scouring 
action. 

Damage  to  the  bank  protection  has  resulted  from  three  causes:  Chiefly,  the  at- 
tempt to  work  at  too  high  stages  of  the  river,  in  conse(^uence  of  which  the  mattress 
or  low- water  protection  has,  by  rising  water,  been  earned  to  the  tops  of  banks  and 
there  grounded  so  high  as  to  admit  of  undermining;  secondarily,  water  seeping  from 
accumulations  in  pools  and  above  comparatively  impermeable  strata  has  induced 
caving  in  rear  of  high- water  protection :  and  in  a  very  few  cases  the  mattress  or  its 
moorings  have  been  found  too  weak  to  oear  the  strain  brought  upon  them  by  rapid 
currents. 

The  question  is  naturally  suggested,  is  a  repetition  of  this  great  damage  to  be  ex- 
pected f 

As  to  pile-work,  the  answer  is,  no.  The  height  of  the  tops  of  dikes  having  been 
lowered,  less  drifc  will  accumulate  aj^ainst  the  dikes.  A  careful  following  up  of  pile- 
work  with  brush-work  and  mattressing  of  openings  before  closing  them  will  diminish 
the  possibility  of  scour.  The  Increased  strength  given  to  dikes  will  increase  their 
resistance,  and  equally  beneficial  results  may  oe  expected  from  a  reliance  on  cross- 
dikes^  in  some  cases  where  longitudinal  have  been  used,  as  in  the  case  of  Osceola  mid- 
dle dike.  Damage  to  this  was  exceptional  in  its  cause,  and  how  to  guard  against  like 
injury  is  not  yet  known. 

As  to  bank  protection,  loss  may  be  avoided  by  abstaining  from  efforts  to  build  a  low- 
water  protection  during  high  stages,  as  then  such  work  could  only  be  done  with  any 
hope  of  success  along  a  bluff  shore.  Mattresses  can  also  be  strengthened  to  stand 
any  currents  so  far  experienced.  Seepage  water  is  more  troublesome.  Drainage  of 
pools  may  be  attempted  in  favorable  cases;  but  more  likely  the  true  remedy  is  an  ex- 
ceedingly flat  slope  above  the  line  of  exudation. 

The  following  table  gives,  as  nearly  as  it  can  be  made  from  data  in  this  office,  the 
amount  and  cost  of  all  work  on  this  reach.  The  exceptionally  hish  cost  of  BuUer- 
tou  cross-dike  No.  1  is  due  to  deep  and  rapid  water ;  that  of  the  Plum  Point  dikes, 
possibly,  to  the  fstct  that  much  work  thereon,  being  incomplete,  can  only  be  estimated. 


Labor  in 

construo- 

tion. 

Material 

for  oon- 

stmction. 

Sabsiatenoe. 

ontflt  of 
plant. 

Caieof 
property. 

Steamer 
and 

Plnm  Poiot  dikes 

08,107  20 

18.587  38 
10,850  60 
82,700  00 

11,892  03 

5.818  27 
0.487  90 
10,200  52 
17,800  07 
85,280  06 
5,187  05 

$6^410  11 

0.407  85 
15,870  00 
30.427  80 

8,604  80 

4.08100 
0,850  83 
8,056  10 
14.870  00 
70.080  53 
6,527  27 

01.078  80 

8, 170  70 
6,37160 
7,800  80 

2,040  00 

1,004  10 
2.234  80 
2.406  00 
4,61100 
18,019  50 
1,402  20 

17.054  00 

17,878  00 
28,036  00 
48, 480  00 

15,676  00 

a  104  00 
14,674  00 
14, 740  00 
25,134  00 
128,902  94 

8,268  00 

01.166  22 

2,62144 
4, 110  77 
7.108  64 

2,283  84 

1,188  84 
2,152  84 
2,162  25 
3.686  43 
18, 018  65 
1,21165 

03,615  28 

BaUerton: 

CtoM  dikes 

8,126  46 

Hsin  dikes 

Towhead  Uank  proteo- 
tion. 
OeoeoU: 

Lower  bar  bank  protee- 

12.743  88 
22,036  42 

7,070  82 

TTpper  bar  bank  proteo* 
Upper  dike.i*.-^  '^^-i- 

8,683  85 
6,070  00 

inddSedike   

6,708  00 

Croesdikee 

11,424  88 

Gold  Dust  dikes 

Aahport  bank  protection  . . . 

55,460  46 
'      3,758  85 

TottJt 

218,074  81 

103,073  81 

50,740  60 

317,886  04 

46.704  47 

141.80186 

2760      B£POBT  OF  THE   CHIEF   OF  ENQINEEBS,  U.  8.  ABMT. 


Oeneral 
administra- 
tion and 
office  ex- 
pense. 

Surrey. 

Iflf^llfilif^ 

Total  cost 

Total  con- 
stmoted. 

]na{(Bpxio». 

Ckmetniotloii  of— 

ons. 

Flam  Point  dikes 

$615  80 

1,884  80 
2.170  50 
8,768  80 

1,806  90 

627  80 
1,186  80 
1, 141  80 
1,947  00 
9,738  84 

639  80 

$887  70 

898  90 
1,40180 
8,424  00 

778  80 

406  20 
788  70 
737  00 
1,256  70 
6,264  86 
418  40 

$860  00 

866  00 
1,290  00 
2,300  00 

780  00 

860  00 
650  00 
650  00 
1,050  00 
5, 178  48 
870  00 

$26,77117 

67,978  58 
60.860  14 
157,087  61 

60,648  76 

26,262  06 
47.639  67 
47,756  07 
81,852  28 
406.624  81 
26,777  72 

*1.551feet.. 

1,770  feet... 
8;805feet... 
21,095  D... 

8.056n.... 

4,125  D..... 
7,815  feet... 
8,778  feet... 
6,987  feet... 
35.063  feet.. 

4,041  n.... 

$16.66  p.  fU 

Bnllerton: 

Cxosa  dikes 

$82.76  p.  ft 
811  p.  It 
$7.86  p.  a 

$6.80  p.  a 

Kftin  dikes... 

Towhead  bank  pro- 
tection. 
OooeolA: 

Lower  Ur  \mnk  pre 
tectioB 

TTpper  bar  bank  pro- 

86.40  p.  n 
$6.60  p.  ft 
$12.66p.  ft 

Upper  dike 

luddledike 

€!ro4ie  dikes 

<  111.66  p.  ft 

Gold  Dust  dikes 

Ashport  bank  protection. . 

$11.60  p.  ft 
$6.65  p.n 

Totals 

84,86184 

15^706  56 

18,788  48 

1,018,587  76 

*  Of  tbe  1,561  feet  marked  *,  1,500  were  incomplete,  and  are  estimated  as  750  feet  completed. 

IfOTB.— Tbe  sign  Q  means  squares  of  100  square  feet 

Hethods  of  purchase  and  transfer  of  plant,  paid  for  oat  of  tbe  iirst  appropriation  especially,  have 
made  it  impossible  to  distinguish  between  repair,  outfit  and  construction  of  plant  The  amounts  in 
the  column  headed  ** Repair  and  outfit  of  plant"  are  determined  by  deducting  from  all  payments  for 
plant  such  amounts  as  appear  in  another  table  as  "Approximate  first  cost  of  plant" 

The  reports  of  the  assistaDts  annexed  (Appendices  J 1  to  J  7)  describe  in  detail  the 
work  done.  By  no  means  tbe  least  important  report  is  that  of  United  States  Assistant 
Engineer  W.  U.  Powless,  in  charge  of  surrey s,  to  which  is  attached  two  sheets  show- 
ing the  part  of  the  reach  under  improvement,  hydrographs  of  1882  and  1883,  and  one 
sheet  showing  a  comparison  of  areas  of  sections,  mean  depths,  and  profiles  (Plates  I, 
VIII,  and  IX).  Hethods  of  administration  and  of  constrnction,  and  a  partial  description 
of  plant,  are  set  forth  in  the  report  of  Assistant  A.  J.  Frith  (Appendix  J 1,  and  Plates 
VI  and  VII),  and  a  description  of  one  of  the  hydraalic  ^radera,  with  cost  of  work  and 
forms  used  m  collating  iniormation  by  which  to  determine  this  cost  and  the  efficiency, 
is  set  forth  in  the  report  of  Assistant  S.  P.  Hatfield.  (Appendix  J  6.)  To  all  of  the 
assistants  credit  is  due  for  energy  and  judgment  displayed  under  conditions  at  times 
far  from  encouraging,  and  especially  is  it  due  to  Assistants  Frith,  Powless,  Oenden 
Nolt;i^,  and  Marx.  The  plant  has  at  all  times  been  kept  or  promptly  placed  in  good 
condition  by  Master  Carpenter  Henry  Adkins  and  Master  Mechanic  P.  a*  Sexton. 

I  am  also  instructed  to  report  upon  the  results  of  work  so  far  done,  and  in  so  doins 
I  am  guided  chiefly  by  a  study  of  comparative  sections,  which,  though  not  attachea 
to  this  report,  have  served  as  a  basis  for  the  sheet  relating  to  sections  and  profiles  at- 
tached to  Assistant  Powless's  report  (Plate  IX).  These  sections  were  measured  De- 
cember, IS^y  to  February,  1883,  and  September  to  October,  1883 :  the  staffes  of  the 
river  during  these  months  are  shown  on  the  hydrographs  (Plate  YlII).  During  the 
former,  the  river  rapidly  rose  from  nearly  its  lowest  to  its  nlghest  stage,  and  during 
the  latter  months  it  was  essentially  at  a  low  stage.  The  high  water  onljr  affected  the 
comparisons  of  sections  17  to  35,  and  these  but  slightly,  if  at  all,  as  the  rise  was  from 
the  Ohio,  comparatively  free  from  silt,  and  had  not  more  than  set  in  before  the  com- 
pletion of  the  survejfT.  During  the  low  water  of  1882  the  river  was  not  gauged; 
therefore,  no  comparisons  of  river  discharge  can  be  made. 

From  a  summary  presented  in  Assistant  Powless's  reports,  it  will  be  seen  that  between 
the  periods  of  the  low  waters  of  1882  and  1883  there  has  been  a  decrease  of  0.9  foot, 
or  6  per  cent.,  in  low- water  mean  depth,  one  of  4,728  square  feet,  or  9.5  per  cent.,  la 
low- water  mean  sectional  area,  and  of  109  square  feet,  or  3.3  per  cent.,  in  low- water 
mean  sectional  width.  These  are  doubtless  the  results  of  the  three  hi|^h-water 
stages  of  last  sprine.  The  volume  of  fill  below  ordinary  high-water  mark  is  nearly 
three  times  that  of  scour ;  below  low-water  mark  the  fill  is  4.6  times  that  of  scour. 
It  will  be  seen,  however,  that  the  low- water  channel  depths  are  greater  this  season 
than  last  in  the  following  vicinities:  Ranges  33,  34,  ana  35,  outside  and  about  the 
middle  of  Elmot  Bar ;  Kange  43,  opposite  the  middle  entrance  to  Osceola  Chute ; 
Ranges  48  and  49,  in  the  crossing  from  Plum  Point  to  Bnllerton  Chute;  Range  53,  at 
the  loot  of  Bnllerton  Chute ;  Ranges  58,  59,  and  60,  at  the  head  of  Tankee  Bar,  and 
Ranges  63, 64, 65,  and  66,  on  the  upper  side  of  Craighead  Point.  The  locality  of  chief 
interest  is  that  of  the  crossing  trom  Plum  Point  to  BuUerton  Towhead.  I  am  in- 
formed that  in  past  years  this  has  been  the  troublesome  place  of  the  Plum  Point 
Reach.    Certainly  there  has  here  been  an  increase  of  chauuet  depth  of  from  7  to  9  feet^ 


APPENDIX  T  T — EEPORT  OP  MISSISSIPPI  BIYEB  COlOflSSION.      2761 

which  is  probably  due  to  the  oontraotion  prodaoed  by  the  apper  and  lower  aeotions  of 
t4ie  Osceola-Ballerton  dike.  It  is  tme  that  an  effort  was  made  to  join  these  sections. 
Had  this  effort  met  with  success,  it  is  believed  that  diverting  a  large  portion  of  so 
large  a  body  of  water  as  that  goinff  throaeh  Bftllerton  Chute  would  not  have  failed 
to  give  results  at  this  crosbing  equally  good  with  those  obtained.  In  front  of  Buller- 
ton  Towhead  there  has  been  rather  a  redistribution  of  material  than  an  increase  of 
effective  low-water  area;  but  this  redistribution  has  been  such  that  the  deeper  water 
is  found  to  coincide  with  the  desired  new  channel.  When  the  Plum  Point  system  of 
dikes  IB  more  nearly  completed,  I  can  see  no  reason  for  doubting  that  there  will  be  a 
channel  of  at  least  ten  feet  at  low  water  in  front  of  this  towhead. 

Immediately  behind  the  Gold  Dust  main  dike  the  bar  crest  has  raised  10  feet, 
ranging  from  12  to  25  feet  above  the  level  of  the  low  water  of  1879;  the  latter  figure 
is  reached  on  the  first  range  above  Elmot  Bar,  No.  31.  The  fill  runs  out  to  nothing 
about  600  feet  in  rear  of  the  dike. 

Consideration  of  the  results  gained  is  rather  premature.  Over  the  greater  portion 
of  the  reach  the  works  are  in  too  incomplete  a  state  to  be  Judged  by  results.  Such 
judgment  should  be  deferred  at  least  until  dikes  in  course  of  construction  are  eom- 

Sletod,  and  the  Arkansas  shore  from  Mill  Bayou  to  Osceola  Chute,  Osceola  Bars,  and 
iuUerton  Towhead  are  revetted. 

Below  are  given  the  works  so  far  planned  and  still  unexecuted,  and  an  estimate  of 
the  cost  of  their  completion : 

Ashport revetment,  19,600 feet,  at$12 $235,200  00 

Fletcher's  revetment,  2;),520  feet,  at-$12 282,240  00 

Osceola  Bars  revetment,  13,720  feet,  at$12 164,640  00 

Yankee  Bar  revetment,  7,840  feet,  at  |12 94,080  00 

Craighead  Point  revetment,  15,000  feet,  at|12 180,000  00 

Gold  Dost  dikes,  10,300feet,  at  $12.25 126,175  00 

Plum  Point  dikes,  19,250  feet,  at  $12.. 231,000  00 

Osceola  No.  3dike,  1,000  feet,  at  $12.25 12,250  00 

Bullerton  No.  1  dike,  700  feet,  $34.50 24, 150  00 

Bullerton  No.  2 dike,  l,000feet,  at$25 25,000  00 

1,374,735  00 

The  approximate  first  cost  of  plant  now  employed  at  Plum  Point  is  as  follows : 

32barges $48,000  00 

16  qnarter-boats 58,320  00 

9 mattress-boats 43,310  00 

Dernck-boat  No.  1 5,200  00 

Derrick-boat  No.  2 4,700  00 

2  hvdraulic  graders 60,464  00 

14  pile-drivers 62,300  00 

2  pile-drivers 10,640  00 

2  pile-drivers 9,240  00 

6  Whitehall  boats 339  00 

22ekiff8 i 536  50 

29  skiffs 580  00 

12skiff8 •. 300  00 

1  steamboat 11,740  00 

1  steam-tug 9,500  00 

1  steam-launch  (sunk) 3,200  00 

1  steam-launch 1,500  00 

Paid  from  Plum  Point  allotment 329,669  50 

1  machine-shop  boat $8,200  00 

5 pile-drivers   26,625  00 

18  barges 34,045  00 

Paid  from  New  Madrid  allotment 68,870  00 


398,739  50 


STATBMiUilT. 


Allotment  fkom  appropriation  of  March  3. 1681 $500,226  67 

Allotment  from  appropriation  of  Augusts,  1882 1,000,000  00 

1,500,226  67 
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Disbursel  by  Captain Quinn 14*20,163  58 

Disbursed  by  Captain  Scare 298,866  96 

Disbursed  by  Captain  Knight 619,323  24 

Total  disbursements  to  November  1, 1883 $1,338,353  78 

Balance  on  hand  November  1,  1883 J 161,872  89 

This  balance  is  accounted  for  as  follows : 

In  the  United  States  Treasury $31,000  00 

In  the  hands  of  Captain  Sears 25,365  15 

In  the  hands  of  Captain  Knight 105,507  74 

161,872  89 

The  third  of  these  balances  had  been  reduced  by  November  26, 1883,  to  the  follow- 
ing amount,  $51,180.51. 

SUMMARY. 

The  following  table  shows  all  expenditures  made  for  the  first  district  Mississippi 
River  up  to  November  1,  and  also  includes  $22,319.45  of  liabilities  incurred: 


/ 
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I  1. 

report  ov  arthur  j.  frith,  assistant  ekginsbr,  upon  operations  on  the  plum 

point  reach. 

Unitbo  States  Engineer  Office, 

Mltnot,  Ark,,  November  5,  1683. 

Captain  :  I  respeotfally  snbmit  herewith  a  report  upon  the  administration  of  tho 
work  under  my  immediate  charge  during  the  past  year—the  plant  need,  methods  of 
construction  employed,  and  metnods  of  qaartering  and  subsisting  the  employ^. 

Previous  to  the  removal  of  your  office  to  Cairo,  I  acted  as  executive  engineer  in 
charge  of  construction  under  your  immediate  supervision,  and  fulfilled  like  duties 
for  Lieut.  Thomas  W.  Symons,  Corps  of  Engineers,  while  he  was  in  charge  of  opera- 
tions at  Plum  Point,  from  January  to  June,  1883.  Since  his  departure  I  have  had 
immediate  supervision  of  all  work  of  construction  and  repairs  relative  to  the  im- 
provement of  this  reach.  I  have  been  ably  assisted  by  the  assistant  engineers  in  local 
charge  of  various  sections  of  the  work.    Their  duties  have  been  as  foUows : 

All  surveys  aud  gaugine  observations  and  the  preparation  of  all  maps  and  tables 
of  results  made  during  the  year  have  been  conducted  by  Assistant  Engineer  W.  H. 
Powless  and  jiarty. 

In  charge  of  mattresses  and  pile  dikes  at  Grold  Dust,  Assistant  Engineer  Qeorge  W. 
Qender,  assisted  by  Messrs.  W.  L.  Seddon  aM  W.  A.  Gould. 

In  charge  of  mattresses  aud  pile  dikes  at  Plum  Point  and  in  Bullerton  Chute,  As- 
sistant Engineer  F.  A.  Yeager. 

In  charge  of  mattresses  and  pile  dikes  upon  Osceola  Bar  and  in  Osceola  Chutes,  As- 
sistant Eusineer  Charles  D.  Marx. 

In  char^  of  mattressing  of  Bullerton  Towhead,  Assistant  Engineer  Aug.  J.  Nolty, 
while  Assistant  Engineer  S.  P.  Hatfield  has  had  charge  of  Grader  No.  4  and  its  opera- 
tions at  various  localities. 

To  keep  strict  supervision  on  field  operations,  these  gentlemen  have  had,  for  pile, 
driving,  fleet  foremen,  directing  the  foremen  of  pile-drivers,  and  for  mattress  work, 
one  head  foreman,  and  from  one  to  three  sub-foremen,  as  found  necessary. 

The  care  of  quarters,  property,  and  clerical  work  is  intrusted  to  a  boarding  master 
on  each  large  quarter  boat,  under  the  supervision  of  an  assistant  engineer. 

Daily  reports  from  each  pile-driver,  showing  depth  of  water,  number  of  piles  driven, 
number  of  riders  erect-ed,  piles,  drift-bolts,  and  staples  used,  are  received  by  each  as- 
sistant in  charge  of  dike  construction,  and  all  assistants  submit  to  this  office  ten-day 
reports  of  progress,  material  received,  subsistence,  and  delays  and  difficulties  en- 
countered. 

Repairs  of  plant  are  in  charge  of  a  master  mechanic  and  a  master  carpenter,  who, 
with  their  forces,  are  stationed  at  headquarters,  as  are  all  the  necessary  clerks  and 
commiasary. 

PLANT. 

For  the  prosecution  of  the  work  we  have  had :  3  tow-boats,  1  steam  launch,  1  ma- 
chine-shop boat,  2  derrick  boats,  23  pile-drivers,  9  mattress  boata^  50  barges,  1  coal 
flat,  16  quarter  boats. 

Pile-drivera. — ^AU  drivers  furnished  are  designed  to  sink  the  piles  with  a  hydraulic 
jet,  assisted  by  a  heavy  hammer  when  stiff  soil  or  unyielding  material  is  encountered. 
Of  these  there  are  two  kinds. 

First.  Drivers  with  30  feet  leads,  which  are  those  originally  built  on  the  works 
for  driving  both  straight  and  inclined  piles.  These  have  oeen  altered  so  far  as  per- 
manently fixing  the  leads  for  straight  driving,  stiffening  the  leads,  etc. 

Second.  Those  with  35  and  45  feet  leads  arranged  to  drive  over  the  side.  These  in- 
clude all  those  furnished  during  the  past  year,  upon  which  few  alterations  have  been 
made,  except  bracing  and  stifiening  the  leads  and  frames.  This  form  has  proved  more 
convenient  than  No.  1,  especially  those  with  hi^h  leads,  and  carrying  heavy  double 
pumps,  with  12x10  inches  steam  cylinder,  6x10  inches  water  cylinder,  and  delivering 
water  at  60  pounds'  pressure  at  the  nozzle  and  90  pounds  at  the  pump.  They  give 
greater  progress  in  the  heavy  clay  and  gravel  encountered.  The  lighter  pumps, 
capable  of  delivering  300  gallons  per  minute  at  moderate  pressure,  are  efficient  in  or- 
dinary soils ;  but  as  the  resistance  to  driving  increases,  the  use  of  the  2,000-pound 
hammer  becomes  imperative.  All  drivers  are  provided  with  these  hammers,  rai<<ed 
by  a  permanent  line,  by  which  light  and  rapid  blows  are  delivered,  aud  their  emi>loy- 
ment  is  necessary  to  penetrate  mattresses  and- many  strata  that  are  encountered. 
Experience  with  the  jet  has  developed  the  belief  that  1^  to  2  inches  diameter  is  more 
efficient  than  the  smaller  size. 

From  twenty  to  twenty -three  piles  a  day  have  been  driven  under  favorable  oironm- 
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stances;  but  when  deep  water,  varying  strata,  moving  braces,  fastening,  and  other 
delays  ore  encountered,  twelve  piles  is  a  fair  day's  average. 

These  drivers  are  capable  of  being  rmployed  in  45  feet  of  water  and  considerable 
current,  bnt  efficient  driving  is  difficult  in  water  over  30  feet  in  depth  and  in  violent 
currents. 

Mattress  boats, — At  the  commencement  of  the  year  we  had  in  all  six  mattress  boats: 

Two  212  feet  in  length  for  200-foot  mattresses. 

Three  100  feet  in  length  for  100-foot  mattresses. 

One  175  feet  in  lenetn  for  150-foot  raactresses. 

Of  these,  two  are  aesigned  for  mattresses  with  a  wire  base ;  the  others  for  mat- 
tresses woven  on  poles.  We  have  since  received  three  boats  160  feet  in  length,  also 
for  pole  mattresses.  The  design  of  these  boats  is  not  exactly  similar  but  experience 
has  taught  that  the  main  requisites  for  the  pole  mattress  are  an  ample  platform  on 
the  lower  side;  ways  with  a  slope  of  1  foot  in  «H  f<^^t  running  close  to  the  water,  but 
not  too  far  over  the  edge  of  the  barge,  also  capstans  at  the  ends  for  ready  handling, 
and  a  liberal  number  of  chocks  and  kc vols  for  fastening  Hues. 

Quarter-boats. — There  are  now  in  service  twelve  quarter- boats,  including  that  used 
as  office  and  headquarters,  and  one  for  storing  supplies.  At  the  commencement  a 
frame  building  on  an  ordinary  brush  barge  fulfilled  all  requirements,  bnt  the  incon- 
veniences and  discomforts  of  this  form  led  to  the  building  of  the  type  now  in  use,  and  in 
which  it  was  endeavored  to  combine  all  that  is  necessary  for  the  health,  comfort,  and 
safety  of  the  employes.  Most  of  these  boats  wore  built  upon  the  works,  and  consist 
of  a  sound  coal  barge,  the  hull  of  which  is  used  for  kitchen,  stores,  and  dining-room, 
the  upper  works  containing  rooms  for  assistant  in  charge  and  foreman,  and  sleeping 
quarters  for  the  men.  These  boats  are  provided  with  li^  line  and  floats,  and  buckets 
and  water-barrels  to  be  used  in  case  of  fire,  and  accommodate  124  in  all,  including 
officers,  cooks,  and  men. 

Graders. — Two  hydraulic  graders,  No.  2  and  4,  .have  been  allotted  to  work  on  this 
reach. 

No.  2,  during  the  fore  part  of  the  year,  was  in  use  at  Memphis,  and  was  later  held  in 
reserve  pntil  on  September  26,  when  about  to  be  used  in  Elmot  Chute,  it  was  sunk 
and  disabled.    It  has  since  been  raised,  and  is  now  in  progress  of  repair. 

No.  4  has,  except  during  the  high  water,  been  in  almost  constant  use  during  the 
year,  the  work  done,  being  highly  efficient  and  satisfactoiy. 

These  graders  are  each  fitted  with  three  boilers  22  feet  long  by  40  inches  diameter  of 
shell,  double  compound  condensing  pamps  with  18  and  'SQ  inch  by  24  inch  steam 
cylinders,  and  16  by  24  inch  water  cylinders,  and  deliver  2,000  gallons  a  minut«  into 
an  iron  pipe  boom,  reaching  up  the  bank,  and  from  which  lead  the  hose  to  the  various 
working  nozzles.    Two  Ij-  and  one  If  inch  nozzles  are  ordinarily  used,  with  pump 

Sressure  of  110  pounds  and  nozzle  pressure  of  80  pounds,  the  efficiency  of  water  cylin- 
er  being  almost  80  per  cent.  The  woven  cotton  hose  has  proved  in  use,  the  most  re- 
liable. One  grader  has  removed  from  1,800  to  4,000  cubic  yards  of  earth  per  day,  at 
an  average  cost  of  2.98  cents  a  yard,  including  wages,  coal,  subsistence,  &c.  Each 
grader  is  provided  with  electric  lights  for  night  work. 

Barges. — ^To  supply  material  to  various  parties  there  are  used  fifty  barges^  100  by  25 
feet,  and  one  smaller  barge,  used  for  coal.  Many  of  these,  constructed  with  a  view 
to  carrying  light  brush,  have  broken  down  under  the  heavy  willows  generally  fur- 
nished. Those  received  later  in  the  year  and  others  altered  here  are  better  propor- 
tioned, having  6-foot  gunwales  and  two  4-inch  fore-and-aft  bulkheads,  heavy  head- 
blocks  and  bits,  and  carry  ^50  cords  of  brnsh  or  200  cubic  yards  of  rock.  There  are 
among  the  general-service  barges  some  30  by  120  foot  barges  carrying  330  cubic  yards 
of  rock,  'rhese  are,  however,  difficult  to  handle  in  heavy  currents  when  sinking 
mattresses. 

MBTHODS  OP  CONSTRUCTION. 

^le  dikes. — ^The  dimensions  of  piling  used  during  the  year  were  increased  over  those 
previously  accepted,  by  increasing  the  least  size  at  the  top  to  8  inches  from  6,  the 
maximum  limit  at  the  foot  being  18  inches.  Cottonwood  piles  form  the  bulk  of  the 
material  used,  though  considerable  cypress  has  been  received.  The  piling  was  re- 
ceived in  rafts  landed  at  points  above  the  localities  where  each  piece  of  work  was  in 
progress,  and,  when  practicable,  dropped  in  small  sections  to  the  drivers ;  if  not, 
the  derrick  boat  loaded  100  to  140  of  them  on  barges  which  were  towed  to  conveni- 
ent localities  for  sorting  and  distribution. 

The  cross-section  of  dikes  used  in  the  early  months  of  the  year  is  shown  in  Plate  VI, 
Fig.  Xf  with  spacing  of  ?•}  feet  between  each  trass.  As  a  considerable  portion  of  this 
dike  was  destroyed,  with  your  permission  I  undertook  an  investigation  to  determine 
a  form  of  dike  which  should  combine  an  equality  of  resistance  coupled  with  economy 
of  material  and  a  liberal  factor  of  safety,  and  of  proportions  that  could  be  maintained 
in  all  depths  of  water.  The  difficulty  of  determining  exact  data  for  these  calculations 
throws  some  ambiguity  into  the  whole  subject ;  still  it  is  believed  that  the  form  chosen 
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and  since  used  is  the  beet  that  oar  facilitiee  allow,  and  since  low  fignres  were  taken 
on  doubtful  points,  can  be  relied  upon  to  withstand  the  destroying  forces  of  the  river. 

Much  of  the  dike  work  now  in  place  was  constructed  before  a  satisfactory  form  was 
adopted,  but  the  design  used  since  about  May,  1883,  is  that  shown  in  Plate *VI,  Fi^.  3 
and  4,  in  wliich  the  width  equals  twice  the  height  of  the  dike.  Up  to  10  feet  in  height 
a  single  row  of  piles  is  used ;  from  10  to  20  feet,  the  form  shown  in  Fi^.  3  and  4  with 
a  single  pile  in  I'lont  rows;  from  20  to  30  feet,  a  cluster  of  two  piles  is  used  in  front 
row;  from  30  to  40  feet,  a  cluster  of  three  piles;  from  40  to  45  feet,  a  cluster  of  four 
piles,  each  pile  in  the  cluster  having  it-s  own  cable.  Aft«r  35  feet,  doable  or  treble 
piles  are  used  in  middle  and  back  rows. 

The  entire  dike  is  cross-braced  on  top  to  prevent  any  racking  motion  while  under 
strain,  and  the  intersections  of  piles  and  riders  are  well  wired  and  drift-bolted.  The 
cables  used  contain  six  strands  of  No.  8  wire  or  eighteen  strands  of  No.  12,  and  have 
a  large  factor  of  safety  to  resist  deterioration.  By  varying  the  spacing,  any  degree  of 
strength  can  be  obtained.  The  spacing  used  has  varied  between  6  and  9  feet.  This 
design  is  calculated  to  balance,  in  varying  depths  of  water,  the  tendency  to  complete 
overturning  of  the  dike,  to  destruction  of  each  member  by  direct  strain  ,and  to  the 
central  breaking  of  the  front  pile  by  the  pressure  of  the  water.  It  will  probably  be 
found  advisable  in  future  construction  to  replace  the  wire  cables  by  iron  tie  rods,  with 
some  means  for  quick  and  easy  coupliug  of  the  short  rods  to  suit  the  varying  lengths 
desired. 

The  soft,  permeable  and  unstable  soil  in  which  the  dikes  are  driven  is  one  of  the 
main  causes  of  their  failure,  and  one  of  the  most  difficult  obstacles  to  guard  against. 
Heavy  mattressing  of  the  foot  of  the  dike  seems  to  be  alone  capablf;  of  obviating  this; 
but  with  the  horizontal  mattresses  used  (turing  the  first  months  of  the  vear,  instances 
have  occurred  in  which  the  current  has  passed  completely  under  them ;  hence  the  grill- 
age mattress,  formed  of  two  layers  of  brush  at  right  angles,  held  together  by  a  frame 
of  poles  wired  through  and  through,  the  whole  being  sunk  between  the  rows  of  pil- 
ing, and  the  footmats  in  front  of  the  dikes,  have  not  lately  been  sunk  flat  upon  the 
bottom,  but  are  arranged  as  shown  in  Fig.  3,  A  being  the  grillage,  and  C  the  tipped 
mattress,  which  takes  the  place  of  the  footmat  in  all  but  main  dikes.  Very  good  re«> 
suits  were  obtained  with  grillage  thus  arranged  at  Gold  Dust  thi3  spring.  The  tip- 
ped matress,  which  is  in  part  a  curtain,  has  been  made  from  30  to  lOO  feet  wide,  and 
from  100  to  150  feet  long,  the  inclined  portion  being  supported  on  piling  or  heavy  poles. 
This  form  has  a  tendency  to  throw  the  current  upwards,  thus  inducing  at  first  a 
deposit  in  the  angle  B  which  will,  it  is  believed,  increase  iu  a  manner  similar  to  sand 
waves.  It  has  the  further  advantage  of  following  up  a  scour  with  all  the  force  of  the 
impin^inff  current,  while  the  tipped  grillage  iu  the  rear  prevents  a  destructive  action 
of  the  inauced  eddy. 

To  avoid  the  destroying  notion  of  drift,  experienced  with  portions  of  dikes  driven 
at  high  water,  dikes  are  now  built  up  to  the  15-foot  stage,  rising  to  25  feet  as  they 
approach  the  shores,  which  are  guarded  against  scour  by  thorough  mattressing  at  the 
extremities  of  the  dike  (Fig.  4).  On  high  dikes,  an  immense  accumulation  of  drift 
occurs  at  high  water,  which  rendered  aU  work  at  this  stage  during  last  spring  ex- 
tremely difficult  and  unsatisfactory. 

For  operations  at  this  stage  an  extra  row  of  piles  should  be  driven  in  front  of  the 
dike  to  nold  back  the  drift  until  mattresses,  dec,  are  completed,  after  which  it  may 
disappear  or  not,  as  in  the  design  it  is  not  considered  as  part  of  the  dike.  In  the  do- 
stmctive  action  of  drift  it  is  not  so  much  the  actual  pressure  which  is  to  be  feared,  as 
this  is  much  less  than  is  generally  believed,  but  that  the  accumulation  of  floating 
material  contracts  the  section  of  discharge  and  causes  a  scour  below  equal  to  its  own 
depth,  and  thus  tends  to  destroy  the  structure.  If  this  scour  can  be  guarded  against 
the  drift  offers  a  great  and  useful  resistance  to  the  current,  and  in  the  case  of  Osceola 
cross-dike.  No.  1  (Fig.  2),  where  the  drift  is60Q  feet  wide  by  1,200  feet  long,  the  current 
in  the  chute  almost  entirely  ceased  merely  from  resistance  to  the  flow  of  water  offered 
by  the  lower  surface  of  the  drift,  aud  has  caused  a  heavy  deposit  both  above  and*be- 
low  it,  while  the  pressure  against  the  dike  cannot  be  greater  than  that  of  a  head  of 
water  equal  to  the  total  high-water  fall  of  the  chute.  The  drift  is  10  feet  thick  at 
the  dike,  rising  to  nothing  ou  outer  edge,  and  has  scoured  out  the  soil  beneath,  an 
amount  equal  to  its  own  thickness.  This  dike  suggests  a  useful  employment  of  a  very 
troublesome  material,  especially  iu  localities  where  the  depth  at  high  stages  of  the 
river  is  not  such  as  to  totally  prevent  piles  being  driven,  ana  may  be  the  most  efficient 
form  of  obstruction  for  high-water  dikes. 

Mattresses. — 'Ihe  willow  brush  has  been  furnished  by  contract,  and  has  been  ac- 
cepted from  2  to  5  inches  at  the  butt  and  forty  feet  long.  The  contractors  furnish  it 
loaded  on  barges  at  their  various  camps  from  whence  we  tow  it  to  the  parties  needing 
it.  Rainy  weather  and  the  soft  condition  of  the  localities  where  it  is  obtained  have 
kept  the  supply  of  brush  almost  constantly  below  the  requirements,  from  which  trouble 
and  delay  have  been  suffered  throughout  the  year. 
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Several  methods  of  constnictiDg  mattresBes  have  been  followed,  governed  by  their 
localities  aud  the  work  they  were  expected  to  perform. 

They  may  be  classified  as  follows : 

Ist.  Shore  mattress  for  the  protection  of  the  banks. 

2d.  Revetment,  or  protection  of  high-water  slopes. 

3d.  Foot  mattress,  for  protection  of  dikes. 

4th.  Tipped  mattress. 

Cth.  Grillage  mattress. 

Ist.  Shore  mattresses  for  the  protecbion  of  caving  banks  have  been  made  in  widths 
varying  from  100  to  150  feet  and  lengths  governed  by  the  difficulties  in  sinking.  When 
no  particular  danger  is  to  be  anticipated^  this  mattress  may  be  continuous  to  almost 
any  length.  Two  varieties  have  been  in  use :  l8t,that  used  by  Major  Ernst  below 
Saint  Louis,  whore  the  willows  are  woven  on  poles,  preferably  of  sycamore.  7  to  b 
feet  apart,  Plate  YII,  Fig*  &«  and  forming  a  stiff  und  strong  mattress,  of  which  170 
feet  a  day  have  been  maiVo  with  light  brush  and  under  favorable  circumstances.  This 
mattress  is  easy  of  construction  and  has  been  mostly  used  during  the  year. 

2d.  There  has  also  been  used  along  the  face  of  BuUerton  a  100-foot  mattress  woven 
on  a  wire  base,  the  willows  bein^  interlaced,  as  shown  in  Plate  VII,  Fig.  C,  forming 
a  mattress  which  is  extremely  pliable  and  hence  more  easily  sunk.  It  is  not  so  easilv 
constmcted  as  the  first,  but  a  slightly  greater  average  length  a  day  has  been  obtained. 

The  miyoritv  of  brush  furnish^  lately  has,  unfortunately,  been  too  large  and  heavy 
to  obtain  the  best  results. 

As  the  shore  mattresses  are  made  they  are  guyed  to  the  shore  by  1^  to  2  inch  lines, 
which  are  removed  as  they  are  sunk. 

The  mattresses  are  fastened  to  the  shore  b^  wire  cables  or  wires  at  frequent  inter- 
vals and,  when  necessary,  piles  have  been  driven  through  the  mattress  to  prevent  any 
movement. 

When  a  stretch  of  mattress  1,000  or  more  feet  in  length  is  to  be  sunk,  great  care 
m  ust  be  used.  In  lieht  currents  the  most  rapid  and  easiest  method  (Plate  yiI,Fig. 
7)is  to  commence  sinking  at  the  head^  keeping  the  inner  side  of  the  mattress  snnk  a 
little  in  advance,  and  carefully  sounding  to  see  that  it  does  not  rise  after  the  force  of 
the  current  is  removed.  It  will  be  perceived  that  the  weak  point  is  in  the  comer  (A) 
where  the  sharp  bend  tends  to  break  the  poles  or  willows,  and  where  there  is  nothing 
to  resist  the  downward  pull  of  the  current  but  the  flotation  of  the  mattress. 

When  the  water  is  very  rapid  it  has  been  our  practice  to  commence  sinking  at  the 
lower  end  (Plate  YII,  Fig.  8)  where  the  shore  side  is  also  kept  sunk  a  little  ahead. 
This  necessitates  the  drawing  of  stone  barges  up  stream,  which  even  in  the  slack- 
water  behind  the  mattress  is  troublesome  and  tases  much  time ;  still  it  has  proved 
mnch  the  safer  method,  as  there  is  little  chance  of  sharp  bends  and  broken  willows 
or  the  loss  b^  collapsing  of  an  entire  mattress  from  a  single  accident.  It  is  believed 
that  with  this  method,  when  the  mattress  is  made  sufficiently  strong,  especially  on 
the  outer  edge,  and  has  been  sufficiently  gnyed,  that  a  collapse  or  entire  loss  is  simply 
impossible.  In  October,  1883,  on  Bullerton  1,800  feet  of  mattress  were  sunk  in  40 
feet  of  water  with  a  five-mile  current.  This  mattress  was  built  on  a  netting  formed 
of  wire  cables  such  as  were  nsed  on  the  dikes ;  still,  at  first,  it  proved  too  light  and 
broke,  yet  but  75  running  feet  were  lost.  It  was  then  strengthened  until  we  had 
three  cables  on  the  outer  edge  and  extra  poles  and  wire  on  the  outer  50  feet,  when  it 
was  sunk  in  place  in  perfect  shape  without  difficnltv. 

We  have  been  extremely  fortunate  in  sinking,  and  except  when  a  mattress  was  torn 
bodilv  from  its  fastenings  by  drift  at  high  water,  but  very  little  has  been  lost.  Great 
care,  however,  is  always  necessary  to  see  that  the  rock  is  uniformly  distributed,  and 
that  the  mattress  is  thoroughly  down  in  every  part. 

Our  mattresses  have  averaged  from  one-half  to  three-fourths  of  a  cord  of  brush  to 
the  100  square  feet,  which  is  sunk  with  from  three-fourths  to  one  and  one-fourth  cubic 
yards  of  rock,  more  being  necessary  with  the  second  method  of  sinking  than  with 
the  first. 

5M.  Revetment  for  the  protection  of  high-water  bank,  which  should  previously 
be  graded  to  the  required  slope,  is  composed  of  a  frame  of  stout  poles  with  12  to  15 
foot  squares  (Fig.  4)  well  wired  at  the  intersections ;  over  this  a  heavy  layer  of  brush 
is  placed,  then  a  second  frame  on  top,  the  whole  being  sewed  and  wired  through  and 
through.  This  is  to  form  a  base  for  a  covering  of  rock  placed  almost  in  juxtaposition, 
ihougn  frequently  we  have  been  obliged  to  content  ourselves  withjust  sufficient  rock 
to  keep  brush  in  place.  The  great  enemy  of  a  revetment  is  the  flow  of  subsoil  water 
from  the  bank;  the  drainage  of  low  lands  in  the  roar  has  greatly  lessened  this  evil. 

3d.  Foot  mattresses  placed  at  the  foot  of  pile  dikes  have  been  made  from  50  to  100 
feet  wide,  and  in  construction  do  not  differ  from  those  made  for  protection  of  the  bank. 
They  are  easily  sunk  even  in  rapid  currents,  by  starting  at  the  head  and  keeping  the 
crease  of  the  mattress  in  the  general  direction  of  the  current. 

4th  and  5th.  Tipped  and  grillage  mattresses  have  already  been  thoroughly  discussed 
under  the  head  of  aikes.    To  sink  the  former  in  heavy  currents,  espeo^ly  when  the 
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direction  of  the  dike  is  across  the  flow  of  the  most  rapid  water,  they  have  been  made 
in  short  sections  thoroughly  fastened  with  lines,  and  the  inner  edge  sank  until  the 
supporting  wires  are  in  tension  when  the  stiffness  of  the  mattress  allows  the  outer 
edge  to  go  down  without  much  trouble. 

QUAKTBRING  Ain>  SUBSISTIKa  OF  MEN. 

With  the  large  force  of  laborers  employed,  it  became  necessary  to  attend  to  the 
comfort,  health,  and  safety  of  the  men,  and  it  is  believed  that  the  form  of  quarter- 
boat  already  mentioned  meets  all  that  is  required  without  unnecessary  expense. 

These  boats  are  used  exclusively  by  the  m«ttress  parties,  each  quartering  from  100 
to  125  men  in  all,  who  are  provided  with,  and  held  responsible  for,  mattresses  and 
bedding.  Bread,  fresh  meat,  and  ice  are  delivered  by  the  tow-boats  each  day,  and 
general  stores  every  15  days  on  requisitions  of  the'  boarding  masters  in  charge^  who 
also  furnish  each  month  an  account  of  the  amount  used,  number  of  meals  furnished, 
&,c.f  from  which  the  cost  of  a  ration  is  deduced.  This  has  averaged  about  29  cents 
for  the  raw  and  40f  cents  for  the  cooked  ration  for  one  man  each  day. 

Each  pile-driver  has  quarters  for  its  foremen  and  crew,  while  every  fifth  driver  has 
extra  accommodations  for  kitchen,  dining-room,  and  fleet  foremen,  and  can  furnish 
meals  for  fifty  men. 

A  bakery  was  built  at  Plom  Point  to  Itimish  400  to  500  loaves  of  fresh  bread  a  day, 
but  will  soon  be  transfened  to  floating  quarters  as  more  convenient  during  the  higher 
stage  of  the  river. 

Very  respectfully,  your  obedient  servant, 

Arthur  J.  Frith, 
Vmted  Statea  ABtUiant  Enffineer  in  duurge, 

Capt,  John  G.  D.  Knight, 

C<np8  of  Engimeen, 


I  2. 


RBPORT  OF  6B0RQB  W.  QENDER,  ASSISTANT  ENGINEER,  UPON  OPERATIONS  AT  GOLD 

DUST,  TENNESSEE. 

Gold  Dust,  Tenn.,  Ootoher  81, 1883. 

Captain:  I  have  the  honor  to  submit  to  you  the  following  report  of  operations  at 
Gold  Dust,  Tenn.,  from  December  1, 1882,  to  October  31, 1883: 

The  present  condition  of  the  work  at  this  point  is  represented  on  the  sketch  for- 
warded with  this  report,  Plate  III;  also  the  total  amount  of  construction  completed, 
the  note's  of  which  are  placed  upon  the  sketch.  Stations  were  established  every  100 
feet  to  refer  the  work  to. 

Operations  at  this  locality  were  in  progress  on  the  1st  of  December,  1882,  and  con- 
tinued up  to  this  writing  with  such  interruptions  only  as  were  made  necessary  by 
unfavorable  stages  of  water.  This  year  has  been  remarkable  for  its  protracted  period 
of  high  water,  which  divided  the  year  into  two  distinct  working  seasons. 

The  work  done  at  this  point  previous  to  December  1,  1882,  consisted  of  a  main  dike 
5,200  feet  long,  from  Station  47  to  Station  99. 

On  December  1,  1882,  a  force  of  men,  with  their  quarters  and  a  complete  outfit  for 
consrmcting  footmat,  was  transferred  from  Ashport  to  Gold  Dust,  ana  the  construc- 
tion of  a  mat  100  feet  wide,  placed  directly  in  front  of  the  main  dike,  was  begun. 

Two  small  mattress  boats,  each  100  feet  long,  were  used;  one,  commencing  at  the 
up-stream  end  of  the  main  dike  at  Station  97-|-57,  constructing  a  continuous  mat 
1,713  feet  long,  and  the  other,  beginning  near  the  middle  at  Station  74,  constructing 
a  continuous  mat  2,951  feet  long,  which  extended  to  the  lower  end  of  the  dike. 

On  the  10th  of  December  a  fleet  of  10  pile-drivers  arrived  and  commenced  driving 
on  Cross  Dikes  Nos.  1  and  2.  During;  the  first  ten  days  of  January  this  fleet  was 
increased  to  17  pile-drivers.  These  dikes  were  constructed  after  the  improved  form 
introduced  by  order  of  Mr.  A.  J.  Frith,  assistant  engineer  in  charge,  and  consisted  of 
two  rows  of  piles  14  feet  apart,  with  piles  in  each  row  spaced  7^  feet  between  centers. 
Longitudinal  riders  were  placed  on  the  entire  length  of  both  rows,  secured  to  the 
piling  b^  drift-bolts  and  wire.  The  two  rows  were  joined  by  horizontal  braces  placed 
in  the  direction  of  the  current  as  near  as  might  be,  and  restingon  the  riders  of  both 
rows.  They  were  drift-bolted  and  wired  to  pile  and  rider.  This  construction  was 
strengthened  by  wire  cables,  consisting  of  six  strands  of  No.  8  wire,  which  were  fas- 
tened to  the  piles  in  the  front  row  16  feet  (required  penetration)  above  the  lower  end 
of  the  pile,  and  around  pile,  brace,  and  rider  of  the  rear  row. 

After  Cross  Dikes  Nos.  1  and  2  had  been  completed,  with  the  exception  of  a  passage 
way  for  barges  and  material,  the  river  be^an  rising.  In  order  that  piles  might  be 
driven  over  that  portion  of  Elmot  Bar,  which  was  exposed  at  low  stages,  pile-driveni 
were  moved  to  the  bar  end  of  Cross  Dikes  Nos.  3,  4,  and  5.  The  water  contioned  to 
rise  and  soon  submerged  the  dikes  when  operations  were  necessarily  suspended,  Feb- 
ruary 21,  with  the  river  at  a  30-foot  stage.    The  force  was  reduced  and  pile-drivers 
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transferred  to  Plumb  Pohit  to  make  necessary  repairs  and  alterations  for  better  con- 
tinuance of  work. 

Daring  the  time  of  operations  4,899  linear  feet  of  dike  were  driven.  There  were 
also  ooustructed  4,664  linear  feet  of  footmat  100  feet  wide  at  the  main  dike,  738  linear 
feet  50  feet  wide  at  Cross  Dike  No.  1,  and  1,270  linear  feet  of  footmat  50  feet  wide  at 
Cross  Dike  No.  2<  The  largest  amount  of  footmat  constructed  in  any  one  day  on  one 
mattress  boat  was  251  linear  feet.  Wattling  10  feel  wide  was  placed  on  the  main 
dike  for  Us  entire  length. 

When  the  water  began  rising  there  were  2,420  linear  feet  of  footmat  on  the  surface 
of  the  water  and  no  stone  could  be  procured. 

At  the  lower  end  of  the  main  dike  412  linear  feet  were  still  afloat.  Quantities  of 
drift  crowded  beneath  the  mat,  increasing  the  current  under  the  mat  to  such  an  extent 
that  it  caused  a  deep  scour  at  the  piles.  As  soon  as  this  scour  was  noticed  sacks  were 
sent  for,  but  before  these  were  filled,  loaded,  and  towed  in  place,  this  portion  of  the 
dike  was  scoured  out  and  the  accumulated  raft,  consisting  of  dike  mat,  and  drift 
proceeding  down-stream  struck  Cross  Dike  No.  3,  which  was  temporarily  able  to  re- 
sist the  great  pressure,  but  being  unprotected  by  a  footmat,  after  several  days  a  por- 
tion of  it  scoured  out. 

This  mass  of  drift,  driven  by  the  swift  current,  struck  Cross  Dike  No.  4  with  irre- 
sistible force,  demolishing  a  portion  of  that  dyke. 

At  Cross  Dike  No.  1, 738  linear  feet  of  footmat,  and  at  Cross  Dike  No.  2, 1,270  linear 
feet  of  footmat  50  feet  wide  were  still  afloat,  and  the  sand  bags  were  used  on  these  with 
success.  By  this  time  the  dikes  were  entirely  submerged,  and  the  mats  were  anchored 
by  wires  fastened  to  the  piles.  Sinking  was  done  from  skiffs,  as  the  drift  above  and 
the  dike  below  the  mat  prevented  the  use  of  barses.  Sinking  was  very  difficult,  as 
the  current  was  at  right  angles  to  the. line  of  the  oike,  and  therefore  had  a  tendency 
to  double  the  up-stream  edge  nu«ier  or  over.  The  mat  being  driven  down-stream  by 
the  drift  and  current,  the  lower  edge  necessarily  landed  on  the  front  piling,  where  it 
remained  after  the  up-stream  edge  was  sunk. 

On  account  of  the  accumulation  of  drilt  in  fVont  of  the  main  dike,  work  on  foot- 
mat had  to  be  suspended  before  the  upper  section  was  completed,  leaving  the  main 
dike  unprotected  from  Station  74  to  Station  79-f-60.  The  nver  at  this  time  was  at  a 
20-foot  stage,  rising  at  the  rate  of  one  foot  per  day,  and  canning  heavy  masses  of 
drift.  In  its  efibrts  to  follow  the  more  direct  channel  through  Elmot  Chute  the  cur- 
rent bfoke  through  the  main  dike  where  it  was  unprotected  oy  footmat  at  Station  75, 
and  this  mass  of  drift  took  out  a  portion  of  Cross  Dike  No.  2,  represented  on  sketch 
by  the  letters  a  5. 

The  water  rushing  through  this  gap  with  a  velocity  of  not  less  than  5  miles  per  hour, 
and  carrying  heavy  masses  of  drift  which  struck  the  edees  of  the  breach,  breaking  pile 
after  pile,  soon  increased  the  length  of  the  breach,  which  was  again  increased  durine 
the  second  rise.  The  gap  in  Cross  Dyke  No.  2  was  not  increa^,  the  dyke  being  10 
feet  lower  than  the  main  dike. 

No  attempt  was  made  to  repair  these  gaps,  as  the  dikes  were  submerged. 

In  makiujET  an  ezamiuation  of  the  works  at  a  low  stage  of  water,  it  was  fonnd  that 
the  main  dike  had  been  damaged  to  a  greater  or  less  extent  from  Station  77-f  50  to 
Station  65+50,  and  from  Station  59-|-60  to  Station  47.  That  portion  of  the  main  dike 
above  the  upper  breach  was  found  uninjured,  with  the  exception  of  a  few  riders  and 
braces,  which  were  crushed  by  the  weight  of  drift  resting  on  them  after  the  water 
had  fallen. 

Although  the  water  was  7  feet  above  the  tops  of  the  piles  the  drift  did  not  pass  over 
the  dike,  and  at  some  places  it  is  60  feet  wide  and  solid  to  the  bottom. 

Where  the  dike  was  not  protected  by  footmat  small  channels  formed,  having  suffi- 
cient velocity  to  erode  the  bed. 

Cross  Dike  No.  1  remained  intact,  and  has  a  deposit  in  its  rear  as  high  as  the  dike 
in  some  places. 

The  foot-mat  in  front  of  that  portion  of  the  main  dike  which  was  carried  away  re- 
mained uuinjured,  and  is  covered  for  its  entire  length  with  larce  gravel,  although 
there  was  a  scour  of  several  feet  on  both  sides  of  it.  The  new  dike  has  since  been 
driven  through  this  foot-mat. 

The  greater  portion  of  the  damage  done  to  these  dikes  was  due  to  the  sudden  rise 
of  the  river  before  the  work  could  be  completed  ;  nevertheless  large  deposits  were 
made  within  the  area  that  would  be  inclosed  by  the  work  when  finished. 

At  the  main  dike  the  deposits  formed  immediately  behind  the  dike,  while  at  the 
cross  dikes  the  material  was  deposited  some  distance  below  the  dikes,  and  nearly  to 
the  top  of  the  piles. 

At  Cross  Dike  No.  2,  where  the  lower  edge  of  the  foot-mat  rested  upon  the  dike,  the 
deposit  formed  immediately  under  the  mat  and  does  not  extend  for  any  distance  be- 
low the  dike.  This  deposit  consists  of  lar^e  gravel.  The  success  of  this  accidental 
construction  suggested  the  building  of  similar  structures  in  hopes  of  obt&ining  like 
results. 

On  April  16,  with  the  river  at  a  28.35-foot  stage,  work  was  resumed  and  was  con- 
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tinned  with  a  force  which  was  increased  and  decreased  as  the  stage  of  the  water  be* 
came  favorable  or  nnfavorablo  for  work. 

The  eastern  end  of  Elmot  Bar  being  submerged,  advantage  was  taken  of  the  high 
stage  of  water  to  extend  the  western  end  of  the  main  dike  and  northern  end  of  Cross 
Dikes  Nos.  3  and  4  to  their  junction  with  the  main  dike.  The  coustractiou  of  these 
lines  was  pnshed  forward  vigorously,  employing  four  pile-drivers  on  each  of  tho  men- 
tioned dikes.  The  four  drivers  (Nos.  19,  iM),  21,  and  28)  Btationed  at  the  main  dike 
were  new  and  were  a  decided  improvement  on  tbe  old  ones.  The  height  of  the  loada 
being  increased  to  45  feet,  allowed  the  greater  portion  of  the  piles  to  come  under  the 
hammer  before  lowering  them  into  the  water ;  while  with  the  old  leads,  which  had  a 
height  of  31  feet,  at  a  low  stage  of  the  river  piles  had  to  penetrate  for  several  feet  be- 
fore they  could  be  brought  under  tbe  hammer.  Tbe  new  drivers  were  also  equipped 
with  large  Worthlugtou  compound  duplex  steam  pumps,  having  two  10-inch  aud  two 
16-inch  cylinders.  The  old  drivers  were  equipped  with  single-acting  piston  pumps 
having  an  8-inch  cylinder. 

At  this  point  driving  has  been  exceedingly  difficult  on  account  of  layers  of  very 
coarse  gravel  and  blue  clay.  Pieces  of  gravel  weighing  half  a  pound  have  frequently 
been  found. 

At  some  places  piles  had  to  be  pointed  and  driven,  as  the  l^inch  jet  of  the  old 
drivers  was  unable  to  displace  the  coarse  gravel.  The  new  drivers  using  a  two-inch 
Jet  were  able  to  work  through  these  hard  strata  without  pointing  the  piles,  hut  not 
without  a  liberal  use  of  the  hammer.  As  soon  as  the  piles  had  passed  through  the 
bard  layers  they  would  sink  to  the  required  depth  of  16  feet  with  little  difficulty. 

About  the  1st  of  May  the  construction  of  a  grillage  mat  between  the  two  tows  of 

giles,  and  extending  about  10  feet  in  front  of  the  dike,  was  begun  at  Cross  Dike  No.  4. 
ections  of  mat  60  by  35  feet  were  constructed,  and  consisted  of  a  thick,  coarne  brush 
lying  in  the  direction  of  the  current,  firmly  lashed  to  a  grillage  of  poles  which  was 
suspended  abont  1  foot  above  the  surface  of  the  water  by  wires  fastened  to  the  braces 
of  tbe  dike.  As  soon  as  a  section  was  completed  the  wires  were  takeu  off  and  it  was 
sunk  to  tbe  bottom  with  stones.    These  sections  overlap  about  7  feet. 

A  foot  mat  100  feet  wide  placed  directly  in  fVont  of  the  main  dike  was  commenced 
at  Station  21+25;  but  work  had  to  be  suspended  after  completing  164  linear  feet,  on 
account  of  the  drift  accumulating  in  front  of  the  dike,  making  it  almost  impossible 
to  move  the  mattress  boat. 

Work  on  these  lines  was  carried  on  until  about  the  1st  of  June,  when  they  were 
compelled  to  desist  on  account  of  tbe  high  stage  of  the  water. 

While  the  work  of  extending  tbese  lines  was  thus  delayed,  eight  pile-drivers  were 
move<l  to  Cross  Dike  No.  5  and  its  construction  pushed  forwani.  Four  pile-drivers 
were  transferred  to  Bullerton. 

From  April  16  to  June  1  there  were  driven  5,200  linear  feet  on  the  main  dike,  1,900 
linear  feet  on  Cross  Dike  No.  3,  and  2,800  linear  feet  on  Cross  Dike  No.  4.  There  were 
also  placed  2,200  linear  feet  of  grillage  40  feet  wide  on  the  main  dike,  1,600  linear 
feet  35  feet  wide  on  Cross  Dike  No.  4,  and  850  linear  feet  35  feet  wide  on  Cross  Dike 
No.  3.  Wattling  6  feet  high  was  placed  on  the  main  dike  for  600  linear  feet,  on  Cross 
Dike  No.  3  for  800  linear  feet,  and  on  Cross  Dike  No.  4  for  1,020  linear  feet. 

During  the  nnexpeot'ed  rise  considerable  damage  was  done  to  tbe  main  dike  above 
Station  36  and  to  the  south  end  of  Cross  Dike  No.  3,  which  was  due  to  the  unfinished 
condition  of  these  lines. 

After  tbe  water  had  fallen  it  was  found  that  the  portion  of  Cross  Dike  No.  3  lying 
south  of  Station  8  -f-  50,  the  end  of  the  grillage,  was  damaged  to  a  greater  or  less  extent 
by  the  piles  scouring  out  and  by  the  iuability  to  secure  the  diagonal  cables  before  tbe 
dike  was  submerged,  the  intention  being  to  secure  them  after  the  grillage  was  con- 
st ructo'l  and  sunk.  A  breach  of  abont  100  feet  was  discovered  above  Station  36  on 
the  main  dike  and  one  from  Station  43+50  to  Station  51. 

The  pieces  of  dike  which  had  been  scoured  out  floated  down  to  Cross  Dikes  Nos.  4 
and  5,  and  the  piles  are  there  being  utilized  to  support  the  tip-mat.  All  of  these 
piles  were  scoured  out,  as  none  were  found  broken.  During  the  rise  large  deposita 
formed  immediately  iu  the  rear  of  the  main  dike. 

A  bar  whose  crest  became  dr^  when  the  river  fell  to  a  26-foot  stage  extended  nearly 
the  whole  leugth  of  the  main  dike  below  the  lower  breach.  The  largest  deposits  were 
made  at  the  Junction  of  Cross  Dikes  Nos.  3  and  4  and  the  main  dike. 

The  point  of  Elmot  Bar,  lying  to  the  northward  of  the  main  dike,  within  the  space 
allotted  to  the  channel,  was  washed  away  during  this  rise,  and  deposited  in  the  rear 
of  the  main  dike.  This  point  previously  caused  a  large  perceutage  of  water  to  pass 
through  Elmot  Chute,  thereby  increasing  the  pressure  on  tho  dikes  during  high  stages 
of  the  river. 

At  the  outer  edge  of  the  foot-mat  on  the  main  dike  a  scour  has  been  noticed  for  the 
entire  length  of  the  concave  portion. 

It  was  noliced  that  where  drift  had  accumulated  in  front  of  the  cross  dikes  a  scour 
has  taken  place  equal  in  volume  to  that  of  the  drift,  and  that  after  the  water  had  left 
the  bar  tbe  drift  would  exactly  fill  the  space  scoured  out. 
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The  water  haying;  fallen,  operations  were  first  resnmed  npon  the  ^ap  in  the  maim 
dike,  at  Station  36,  and  npon  Cross  Dike  No.  3,  at  Station  ti+5G.  The  main  dik& 
H'lis  strengthened  wherever  small  ch-mnels  were  discoverpd  passing  through  it,  by 
driving  clusters  of  two  piles  in  the  front  row,  and  also  a  third  row.  The  piles  in  the 
fnuit.  an<l  second  rows  were  supplied  with  cables  which  were  fastened  around  ]>ile, 
rider,  and  brace  of  the  third  i-ow,  to  conform  \o  the  **  Standard  Dike,"  at  this  time  in- 
tmdncfd  by  Mr.  A.  J.  Frith. 

The  pile-drivers  were  able  to  complete  all  dikes  before  the  water  left  the  bar,  but 
the  mattress  work  was  delayed  by  inability  to  obtain  material  owing  to  the  flooding 
of  the  willow  camps.  Grillage  and  wattling  is  now  being  completed  on  dry  land,  the 
necessary  brush  being  supjdied  from  the  head  of  £lnior>  Uar. 

Tti  save  the  transportation  of  rock  across  the  dry  bar,  tarred  sacks  filled  with  gravel 
and  sund  are  being  snbslilnted. 

Thai  jjortion  of  the  main  dikM  which  was  driven  before  the  1st  of  December,  1882, 
LaM  been  strengthened  by  driving  two  rows  of  piles  in  front  of  it  and  using  the  old 
dike  fls  third  row.  Considerable  difficulty  was  experienced  driving  through  the  old 
foot -mat,  which  was  cov«  red  with  coarse  gravel. 

This  portion  of  the  dike  is  being  protected  by  a  tip-mat  from  38  to  60  feet  wide, 
€ons1  meted  in  sections  of  150  feet.  Tho  mattress  boat  is  placed  paiallfl  to  the  dike, 
that  ]^ortion  of  the  ways  extending  over  the  gnnwale  of  the  barge  havng  been  taken 
off.  Poles  are  evenly  distributed  over  the  ways  and  their  lower  ends  tinnly  secured 
to  the  riders  of  the  dike.  The  brush  U  wattled  upon  the  poles  by  passing  a  rod  of  it 
alternately  above  and  below  them.  The  mat  is  strengthened  by  placing  poles  aliove 
and  be  eath  the  wattling  pole,  firmly  lashins  them  with  No.  12  wire.  A  section  oif 
ir.U  feet  having  been  completed,  the  mattress  uoat  is  sparred  from  under  the  mat,  and 
thn  np-stream  edge  sunk  to  the  bottom. 

In  the  deep  channel  near  the  Tennessee  shore  a  tip-mat  75  feet  wide  is  heing  coa- 
st met  ed  in  front  of  Cross  Dikes  Nos.  3, 4,  and  5.  The  mattress  boat  is  placed  at  right 
anifles  to  the  dike,  tho  ways  nearest  the  dike  having  been  raised  to  the  level  of  the 
Tillers  to  maintain  the  mat  at  that  height  after  it  is  launched  from  the  mattress  boat. 
While  launching  the  mat,  piles  are  floated  under  it.  The  up-stream  ends  of  t  hese  aro 
wiied  to  the  poles  of  the  mat,  and  tho  down-si  ream  en<ls  raised  to  the  level  of  the 
rid<-r8,  where  they  are  drift-bolted  and  wired  to  the  piles  of  the  dike.  The  up-stream 
end  of  the  mat  is  then  sunk  to  tho  bottom.  In  swift  currents  t  his  mat  is  const  nctcd 
in  sections  130  feet  long,  about  the  length  of  a  rock  barge,  as  the  mat  has  to  sink  for 
its  entire  length  simultaneously  to  pi  event  the  up-stream  edge  from  doubling  over  or 
under. 

Where  the  main  dike  and  cross  dikesKtrike  the  Tennessee  shore,  the  hank  has  been 
protected  bj  a  mattress  :C0  feet  long,  and  varying  in  width  from  TO  to  100  feet.  The 
dikes  were  completed  to  this  mattress,  leaving  amattressed  opening  f«r  navigation 
nearly  100  feet  wide.  The  bank  at  these  places  has  been  graded,  and  bank  pro- 
tection is  being  placed. 

Grading  was  done  with  nile-driver  No.  19,  which  is  equipped  with  a  Worthington 
compound  duplex  pump,  naving  two  lO-inch  and  two  16-inch  cylinders.  The  dis- 
ebarge,  about  420  gallons  per  minute,  passes  first  through  a  4-inch  pipe,  then  through 
a  2i  inch  hose,  and  is  delivered  tbroagh  a  l^inch  nozzle. 
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Very  respectfully,  your  obedient  servant^ 


Capt.  John  G.  D.  Kniort, 

Corps  of  Engineers,  U.  8.  A.,  Cairo,  Ilk 


Geo.  W.  Geuder, 
UnUed  States  Assintant  Engin 


'2772      BEPOBT   OJ*  THE   CHIEF   OP  ENGINEERS,  U.  8.  ARMY. 

13. 

BSPORT    OF    CHARLES    D.   MARK,    A88I8TA19T    BNOINKER,    UPON    OPERATIONB    AT    0»- 
CSOLA  UPPER  AND  LOWER  BARS. 

Osceola  Bar,  Xovemher  1, 188.1. 
Captain  :  I  faavo  the  bonor  to  snbrait  the  folio wiug  report  on  the  progress  of  the 
work  at  Osceola  Upper  and  Lower  Bars : 

Durinc  the  period  from  December  1,  1882,  to  November  1,  1683,  two  old  dikes, 
Osceola  Upper  and  Middle,  were  finished,  and  three  new  ones.  Secondaries  Nos.  1,  2, 
and  3,  bnilt.  The  mattressing  and  re  vetting  of  both  Osceola  Upper  and  Lower  Ban 
has  also  been  started. 

In  the  following  I  shall  take  up  the  separate  stmctnres  and  give  as  far  as  possible 
-a  short  history  or  each. 

OSCEOLA  upper  DIKE. 

Though  the  greater  portion  of  this  dike  was  bnilt  previoas  to  December  1, 1882,  the 
Vnishing  and  partial  aestrnction  of  same  fall  within  the  scope  of  this  report.  The 
methods  of  consrrnction  typified  in  it  may  therefore  be  briefly  reviewed. 

The  dike  running  in  a  general  southwesterly  direction  from  a  point  below  Lynches 
Landing,  Ark.,  to  the  northern  end  of  the  Upper  Oscp/ila  Bar,  was  bailt  for  a  distance 
of  3,300  feet,  of  a  single  line  of  piles,  braced  by  inclined  struts.  At  i  he  head  of  the 
bar  a  gap  had  been  h^ft,  which  it  was  attempted  to  close  in  April,  1883,  by  means  of 
an  extension,  consisting  of  a  double  lino  of  braced  piles,  14  feet  apart ;  164*  linear  feet 
of  this  .kind  of  dike  had  been  driven,  when  the  swift  cnrreni  made  it  apparent  that 
the  work  would  be  in  vain.  It  was  therefore  sbaudoned,  and  Secondary  No.  1,  of 
which  more  later  on,  put  in.  Osceola  Upper  Dike,  protected  its  whole  length  by  a 
foot-mat  100  feet  wide,  and  by  wattling,  stood  the  high  water  lant  spring  remarkably 
well,  when  the  inherent  weakness  of  the  structure  is  considered.  From  all  data 
which  I  have  been  able  to  obtain  it  seems  that  the  breaks,  which  now  fur  a  leng'h  of 
1,500  feet  appear  in  the  dike,  are  not  due  to  any  scouring  action  in  front  of  the  lat- 
ter, but  to  a  simple  breaking  off  by  drift,  and  working  out  of  the  poorly-braced  single 
piles.  The  portions  of  the  dike  executed  in  shallow  water  have  proved  strong 
enough,  while  those  in  deep  water  have  given  way.  The  foot-mat,  as  1  had  occanioa 
to  convince  myself  during  the  pref^ent  low  water,  is  still  in  place;  a  fact  which 
strengthens  my  belief  that  no  scouring  has  taken  place  in  front  of  the  dike. 

The  general  effect  of  the  latter  has  been  favorable,  though  it  stood  in  its  entirety 
for  but  a  short  time.  A  good  fill  has  taken  place,  higher  behind  those  portions  of  the 
dike  still  standing  than  at  other  points.  Though  part  of  this  fill  is  aUo  to  be  traced 
to  the  effect  of  Secondary  No.  1,  an  will  be  shown  further  on,  it  may  be  said  that  the 
result  obtained  by  the  building  of  Osceola  Upper  Dike  is  a  fair  one.  The  cause  of 
its  failure  is  most  likely  to  bo  traced  to  ii'eakucss  in  construction,  a  fault  which  could 
hardly  be  avoided  at  the  time  the  dike  was  designed,  for  lack  of  previous  experience. 

OSCEOLA  BECOKDART  NO.   1. 

•When  it  was  found  impossible  to  connect  the  lower  end  of  Osceola  Upper  Dike  with 
the  point  of  the  bar,  a  dike  further  down  the  chute  was  projected  and  carried  out. 
As  first  planned  a  doul^te  line  of  braced  piles  with  a  width  of  base  equal  to  depth  of 
water  was  the  type  a4iopted.  During  the  construction  of  the  dike  drift  began  to  col- 
lect, and  a  scouring  at  the  foot  of  the  unprotected  piles  imme<UateIy  set  iu.  May  10 
4ft  break  near  the  bar- end  of  the  dike  occurred.  In  order  to  cuablo  the  closing  of  this 
opening  the  direction  of  the  dike  bad  to  be  changed  at  that  point,  the  water  proving 
too  deep  for  successful  pile-driving!  Luckily  the  material  scoured  out  was  found  de- 
posited a  little  way  below  the  break,  having  ionued  a  bar  there,  and  the  dike  could  be 
finished  in  shallow  water,  with  but  little  additional  lenglheuiug,  duo  to  change  of  di- 
rection. It  was  also  deemed  advisable  to  alter  the  original  project  by  adding  a  third 
row  of  piles,  connected  by  horizontal  braces  with  the  firnt  and  necund  rows.  Thus 
etrengthencd,  the  dike  was  completed  June  10  in  a  length  of  1,3C5  feet.  The  collect- 
ing of  drift  in  front  of  it  prevented  the  sinking  of  a  foot-mat,  and  as  some  of  the  drift 
also  projected  back  of  the  fint  row  of  piling,  only  tte  space  between  the  second  and 
third  row  could  be  matted.  A  grillage  foot-mat  was  put  down  and  carried  up  to  the 
top'of  the  bank  at  both  ends  to  prevent  any  scouring  between  the  shore  and  the  dike. 
Later  events  proved  the  wiodom  of  t  his  step,  for  during  the  high  water  there  was  quite 
a  tendency  to  cut  a  channel  behind  tbo  ends  of  the  dike.  As  it  had  been  iuipOMiible, 
for  reasons  stated  above,  to  mattress  the  dike  as  intended,  a  constant  watch  was  kept 
on  it  during  the  high  water  of  Jnne-July.  By  frequent  soundings  all  changes  iu 
depth  were  carefully  noted.  If  there  seemed  any  danger  of  a  scour  taking  place  the 
threatened  portion  was  protected  by  fascines.    Of  the  latter  two  kinds  were  used.    In 
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one  case  a  piece  of  wire-nnited  willow  matting  abont  8  feet  sqaare  was  made.  The 
Tocks  wore  wrapped  up  in  it,  and  the  center  and  ends  of  this  bundle  firmly  wired.  In 
tbe  other  case  bailed  rook  was  tied  to  willow  bundles  6  to  8  feet  long,  and  1  to  1^  feet 
in  diameter.  It  was  found  by  inspection,  after  the  high  water  went  down,  tha  the 
first  kind  of  fascines  mentioned  had  <loue  the  better  hervice  of  the  two.  They  gener- 
ally sunk  directly  in  place,  while  the  bailed  rock  of  the  second  kind,  catching  on  the 
iriro  dike  cables,  prevented  the  fascine  from  ^oing  to  the  bottom. 

Osceola  Secondary  No.  1,  which  stood  the  high  water  well,  Is  especially  remarkable 
ftir  the  large  amount  of  drift  gathered  in  front  of  it.  For  a  time  the  whole  head  of 
the  chute,  Irom  the  dil^e  up,  was  filled  completely.  Winds  blew  some  of  the  drift 
out  before  it  had  become  firmly  packed;  but  eveu  to  date  about  twenty  acres  of  it 
remain,  closely  wedged.  Of  course  this  mass  h.is  not  been  without  its  marked  effect. 
When  the  drift  first  began  collecting  an  incrtfased  tendency  to  scour  in  front  of  the 
dike  was  noticed.  The  depth  of  this  Kcoar,  as  might  be  supposed,  was  equal  to  the 
thickness  of  drift  at  the  xioint  under  consideration.  Where  it  has  been  possible  the 
Bo-caused  opening  has  been  closed  by  sinking  the  drift,  a  barge  of  rock  being  expended 
to  good  effect  for  this  purpose  in  front  of  Secondaiy  No.  1.  Should  sinking  the  drift 
in  similar  cases  prove  impossible,  the  scouring  out  of  a  dike  is  to  be  feared,  unless  it 
liaH  betin  well  protected  by  foot-mats. 

To  the  evil  effect  of  the  drift,  cited  above,  a  good  one  can  be  opposed.  When  the 
coustrnction  of  tbe  dike  was  first  began  quite  a  strong  current  set  throngh  the  chute. 
The  collecting  drift  checked  it  so  completely  that  when  the  present  amount  had  come 
in  the  current  was  almost  dead.  A  marked  fill  both  in  front  and  behind  the  dike  has 
taken  place,  so  that  if  the  holding  of  the  latter  should  prove  succeasful  the  direotion 
for  future  work  would  seem  to  be  indicated. 

OSCEOLA  SECONDARY  NO.  2. 

The  construction  of  these  dikes  was  pushed  at  the  same  time  that  No.  1  was  build- 
ing. The  first  section  extends  from  the  Arkansas  shore  to  the  northern  point  of  the 
towhead ;  the  second  section,  from  the  lower  end  of  this  same  towhead  to  the  foot  of 
QKceola  Upjier  Bar.  The  tyt>e  adapted  is  the  double-line,  rectangular,  14-foot  base 
dike,  except  for  the  southeastern  end  of  Section  1  and  the  northeastern  end  of  Sec- 
tion 2,  These  portions  of  the  dike  running  up  on  high  ground,  it  was  deemed  suffi- 
cient to  build  tnem  of  but  a  single  line  of  piles.  In  the  second  section  an  opening 
t^O  feet  in  length  had  to  be  left  to  enable  the  boats  to  reach  the  parties  at  work  at 
Ku.  1.  When  the  water  began  falling  it  fell  so  rapidly  that  the  pile-drivers  had  to  be 
moved  out  before  the  gap  could  bo  closed.  With  the  exception  of  this  piece,  then, 
the  2,025  linear  feet  of  dike  are  protected  by  a  grillage  foot-mat  and  bv  wattling. 

Beiiun  April  10  and  finished  May  20,  these  dikes  have  pasf»ed  safely  through  one 
hi^ih  water;  but  built  under  the  shelter  of  No.  1,  little  strain  has  come  on  them  tnm 
drift  or  other  oanses.    A  slight  fill  has  taken  place  behind  both  of  the  dikes. 

OSCEOLA  MIDDLE  DIKE. 

Osceola  Middle  Dike,  connecting  the  foot  of  Osceola  Upper  with  the  head  of  OsceolA 
Lower  Dar  was  begun  November  1,  1882.  During  December  1,065  linear  feet  were 
added  to  the  part  previously  completed,  giving  the  whole  structure  a  length  of  3,309 
feet.    The  form  oi  the  dike  adopted  was  the  one  as  shown  here.    Top  of  outside  pile 


ItfiW'Wster  line. 


driven  to  a  stage  of  25  feet.  Top  of  inside  pile  driven  to  a  stage  of  14  feet.  Front 
fore-and-aft  rider  fastened  5  feet  below  top  of  outside  pile,  rear  lider  at  top  of  inside 
pile.  Inclined  brace  a  b,  horizontal  ao;  width  of  base,  14  ffct.  A  100- foot  mattress 
was  built  the  whole  length  of  the  dike  and  the  latter  also  wattled.  As  the  water  rose 
covering  the  lower  f  out  fore-and-aft  rider  it  became  impossible  to  push  the  wnttling 
to  the  bottom.    It  would  have  been  better  had  it  therefore  been  left  out  entirely,  for 
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the  water  coming  tliron{;h  the  chute  was  pressed  through  the  narrowed  opening  be- 
tween the  bottom  and  ibe  lower  ru'ers,  contribating  its  share  to  the  strong  scour 
•Already  taking  place  in  front  of  (be  dike.  Tbe  100- foot  mat  did  not  prove  ^uffieit*iit 
protection  in  this  case,  fur  in  February  the  first  lireak  near  the  center  of  the  dikes 
and  undoubtedly  caused  by  scouring,  occurred.  Toward  the  latter  part  of  March 
pieces  of  the  end  sections  followed,  carri<  d  away  by  drift.  An  attempt  made  in  May 
to  patch  the  dike  and  to  strengthen  it  by  two  little  spur  dikes  prove  i  unsuccessfuL 
The  cause  of  the  failure  of  this  structure,  of  which  to  date  ouly  1^059  linear  feet  iu  a 
damaged  condition  are  standing,  may  probably  be  looked  for  in  its  incomplete  pro* 
tection  against  scour. 

OBCEOLA  SECONDARY  NO.  3. 

Osceola  Secondary  No.  3,  established  near  the  head  of  Osceola  Chute,  and  running 
east  and  west,  was  begun  May  10.  Work  ou  it  was  pushed  a«  fast  as  po8sibl<>,  but 
ere  it  had  been  finished,  high  water,  with  drift  and  itA  attendant  scour,  caused  a  break 
near  the  bar  or  eastern  end  of  the  dike.  As  at  Secondary  No.  1,  it  was  also  found 
necessary  here  to  change  the  directiou  of  the  w.'ished-out  section,  in  order  to  avoid 
the  deep  wat«r  resulting  from  the  scour.  A  third  row  of  piling  was  also  put  in,  an  an 
additional  means  of  strengthening  the  dike,  thus  (giving  it  an  average  width  of  about 
60  feet.  As  the  water  continued  rising  and  the  drift  kept  coming  iu,  a  reuewal  of  the 
Bcour  was  observed.  With  the  intention  of  checking  it  a  75- foot  mat  in  front  of  the 
dike  was  started.  When  209  feet  of  the  same  had  been  built,  progress  was  htopped 
for  a  time  by  the  drift,  which  so  held  the  mat  barge,  that  it  was  found  irapoMsililo  to 
make  a  shift.  In  th*^  hope  that  a  way  for  the  barge  might  be  cleared  by  sinking  the 
drift,  sections  of  sub-mat  were  bnilt  on  the  latter  and  sunk.  Two  thousand  seven 
hundred  feet  of  this  kind  of  mat  went  down  successfully,  and  we  were  enabled  to  add 
another  :M  feet  to  the  length  of  the  foot-mat,  but  this  was  all.  For  whefi.  June  6,  the 
attempt  was  made  to  sink  a  seco^^d  section  of  drift  of  about  4,232  sqnaro  feet  of  surface, 
the  dike,  already  weakened  by  scouring,  could  not  stand  the  pressure  of  the  sinking 
mass  and  gave  way.  Through  the  break  so  formed,  140  fet^t  in  length,  a  large  amount 
of  accumulated  drift  passed  off,  considerably  r  lioving  the  pressure  ou  the  remaining 
portion  of  thi^  dike.  Steps  were  immediately  taken  to  prevebt  any  further  scouring 
in  the  break.  A  piece  of  mat  was  built  above  the  same,  floated  down,  and  about  two- 
thirds  ot  it,  or  6,800  square  feet,  sunk  in  place.  As  the  current  was  very  swift  and  the 
average  depth  of  wa'er  in  the  opening  48  feet,  one-third  of  the  mat  was  carried  away 
before  we  couhl  get  it  down.  ^ 

In  the  mean  time  the  2:^  feet  of  foot-mat  had  been  sunk  and  a  large  amount  of 
grillage  fodt-niat  put  in.  On  account  of  the  high  water,  no  attempt  waa  made  for 
some  time  to  close  the  gap.  Repeated  soundings  showed  that  no  additional  scour- 
ing was  taking  place.  July  17  a  tipped  mat,  50  feet  wide,  was  started  iu  fnmt  of 
the  dike,  where  the  other  footnmt  previously  sunk  left  off*.  Only  120  linear  feet  of 
this  now  mat  had  been  completed  wheu  a  second  rise,  July  21,  brought  down  a  batch 
of  drift,  which  lodged  under  the  mat,  packed  itself  to  the  bottom,  and  thus  prevented 
the  sinking  of  this  piece.  It  lies  on  top  of  the  drift  to  date,  as  shown  in  fhe  sketch. 
As  soon  us  the  water  began  to  fall,  the  loose  ends  of  the  dike  were  cut  aiway.  A  200- 
foot  opening  was  so  formed'  in  which  the  pile-drivers  were  set  to  work.  They  barely 
Bueeeeded  iu  closing  it  with  a  single  line  of  cluster  piles,  when  it  became  necessary 
to  withdraw'  the  fleet,  the  water  shoaling  so  rapidly.  To  strengthen  this  company 
lively  weak  portion  of  the  dike,  and  at  the  same  time  to  withdraw  it  from  the  future 
attacks  of  drift,  the  piles  forming  the  single  closing  line  were  braced  by  inclined' 
stmts  und  cut  olf  level  with  the  15-foot  stage. 

All  the  remaining  portions  of  the  dike  bad  in  the  raeauwhile  been  protected  by  a 
heavy  grillage  ibot-niat.  A  section  of  same  200  by  63  feet  was  also  placed  behind  the 
opening  Just  closed,  but  remains  uusunk  to  date  for  lack  of  s  one.  Angust  7  a  tipped 
mat,  75  feet  wide,  begiuniug  at  the  western  end  of  the  mat  lodged  on  drift,  was 
started  on  the  up-stream  side  of  the  dike.  This  new  mat  skirting  the  outaide  edge  of 
the  drift,  and  with  its  (the  mat's)  down-stream  edge  held  ou  a  level  with  the  same, 
was  carried  a  distance  of  452  linear  feet.  Shoal  water  here  put  a  stop  to  the  work, 
and  the  amount  fluisbed  was  sunk  successfully.  From  the  foregoing  it  will  be  seen 
that  Osceola  Secomlary  No.  3  is  well  protected  now.  A  grillage  foot-mat  extends  its 
whole  length,  and  is  carried  high  up  on  both  banks.  With  the  exception  of  the  snmll 
piece  mentioned,  all  of  it  is  in  place,  and  has  done  good  service  during  the  last  high 
water.  The  effect  of  the  tipped  mat  cait  ouly  be  determined  after  the  next  riat}.  The 
center  row  of  piling  is  now  being  wutt  led,  5,922  square  feet  having  been  put  in  to 
date.  From  the  plotted  list  of  soundings  sent  in  by  me,  the  fill  which  has  gradually 
taken  place  in  Osceola  Chute  can  be  traced.  The  evil  efl'ects  of  the  break  have  been 
obliterated,  the  scoured  hole  causing  the  former  having  tilled  up  well.  I  think  I 
am  jus  itied  in  classifying  Secondary  No.  3  with  Secondary  No.  1,  under  the  head  of 
successful  dikes. 
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OSCEOLA  UPPRR  BAR. 

The  head  of  this  bar  was  well  protected  by  a  foot-mat  50  feet  in  width,  and  by  a 
:30- foot  revetment,  closely  conncH5ted  with  the  former.  About  800  liuear  feet  of  thi8 
liuud-graded  work  were  executed,  all  of  which  is  in  good  conilition  to  date.  That 
the  same  cannot  be  said  for  some  of  the  other  work  on  Ihe  bar  ih  easily  explained.  A 
100-foot  mattress  was  pat  in  the  whole  length  of  Osceola  Upper  Bar  and  sunk.  This 
was  at  low  war4)r.  Though  the  grading^u<l  reverting  were  started  immediately  in 
wake  of  the  mattress,  it  was  impossible  to  finish  tliem  before  high  water  set  in.  Of 
4,000  linear  feet  of  grading  pat  in,  2,100  were  rendered  entirely  worthless,  l>ecause  the 
water  covered  the  banks  before  tbey  could  be  revetted.  The  1,400  feet  that  were 
covered  with  brush  and  partially  rocked  also  suffered  heavily,  for  the  reason  that  no 
'Con*  eotion  lietween  the  high  and  low- water  protection  could  be  secured.  The  banks 
washing  away  between  tiie  two  has  left  a  gap,  as  shown  in  sketch,  which  it  will  be 
necessary  to  fill  with  a  second  mat. 

08CR0LA  LOWER  BAR. 

Dnring  the  high  water  in  June  and  July,  while  it  was  found  impossible  to  work  at 
^Secondary  No.  3,  a  100- foot  mattreHS  woh  started  on  the  inside  of  the  lower  bar. 
Heavy  drift  running  necessitated  the  building  of  a  drift-boimi,  in  shape  of  a  spur 
<like  from  the  bead  of  the  bar  down  the  ohnte  tor  a  distance  of  about  100  feel.  Under 
its  protection  1,020  linear  feet  of  mattress  were  built  andbunk  in  place.  A  small  sect  ion, 
100  by  120  feet,  near  the  hea<l  of  the  bar,  was  put  in  when  the  water  fell,  and  remains 
unweighted  to  date  for  lack  of  stone.  The  bank  protection  on  the  inside  begun  June 
1  and  abandoned  jJune  8,  on  account  of  high  water,  was  continued  August  13.  By 
the  3Ist  of  the  same  month  a  t<»ta1  of  72,422  square  feet  had  been  made,  of  which  49,931 
square  feet  i-emaiii  unrocked  to  date.  Of  the  4,040  linear  f»et  of  grading  put  in  last 
■January  on  the  outside  of  this,  the  lower  bar,  no  traces  remain,  as  the  graded  bank 
was  entirely  unprotect»-d  when  high  water  came  np.  This  was  to  Iw  ex|M)ct«d.  £ight 
hnndreil  feet  of  a  100-foot  mattress,  which  was  alco  started  at  tbat  time,  were 
•caught  afloat  by  the  same  rise.  Drift  collected  under  the  mat,  and  would  have  ren- 
^dered  all  attempts  to  siuk  it  futile,  even  if  rock  had  be^n  on  hand  for  that  pui  pose. 
As  was  constantly  expected,  the  increased  strain  on  tjie  head-lines,  due  to  the  accunm- 
iating  drift,  caused  them  to  part.  Even  one  of  the  capstans  of  the  mat  barge  was 
torn  out  of  its  fastenings,  when  the  lines  snapped,  and  mat  and  drift,  swung  down  the 
f-iver.  Of  the  new  one,  150  feet  in  width,  which  was  started  September  1,  3,583 linear 
fret  have  been  compIete<l  to  date,  but  only  920  feet  of  this  amount  have  been  sunk  ; 
work  on  the  same  has  been  stopped  for  the  present,  it  not  being  deemed  advisable  in 
^ew  of  former  exiierienct^s  to  carry  the  mattressing  too  far  ahead  of  the  grading  and 
revetting.  Another  precaution  has  also  been  taken.  Though  the  contour  of  the  bar 
lias  been  closely  followed  by  the  mat  in  niosr  places,  it  has  been  impossible  to  adapt 
the  latter  to  any  sudden  changes  in  the  outline  of  the  bank.  The  small  0{>eningH  thus^ 
formed  between  mat  and  shore  have  been  covered  with  separate  pieces  of  grillage 
mat,  firmly  wired  to  the  mattress  proper.  Four  thousand  four  hundred  and  sixty 
.square  feet  of  this  kind  of  matting  have  been  called  for  to  date,  and  more  will  l»eput 
in  as  the  necessity  for  so  doing  arises.  By  thiH  means  a  thorough  connection  between 
the  high  and  low-water  protection  can  be  obtained,  i.  e.,  if  the  former  be  put  in  at  the 
present  stage  of  water. 

ADAPTATION  OF  PLANT  FOR    PURPOSES  INTENDED. 

In  accordance  with  your  request,  I  submit,  in  addition,  the  following  opinion,  as  to 
the  adaptation  for  purposes  intended  of  those  articles  of  plant  which  1  have  had  oc- 
casion t4>  use. 

The  100  foot  mat  barges,  with  wa^s  30  feet  long,  and  a  slope  of  the  latter  of  about 
•one- ninth,  do  not  till  all  the  requirements  that  must  be  met.  Great  diflicnlty  in 
lannching  the  consecutive  shifts  of  a  mattress  was  constantly  experienced.  This  is 
partly  due  to  the  slight  slofie  of  the  ways  and  partly  to  the  fact  that  so  little  opace 
rem.iins  between  the  lower  end  of  the  ways  and  the  deck  of  the  mat  barge  that  the 
lower  (front)  end  of  the  mattress  rests  on  the  deck  of  the  barge.  In  addition  the 
•outside  butts  of  the  willows  do  not  pay  freely  over  the  end  kevels,  and  the  want  of  a 
-capstan  was  sevendy  felt.  The  175  and  213  foot  mat  barges,  built  with  projecting 
and  more  sloping  ways,  answer  their  purpose  admirably.  The  latter  barge,  on  which 
the  nuittress  oa  the  outside  of  Osc(M)la  Bar  is  now  building,  can,  however,  only  l>e 
used  to  advantage  in  slnckwater.  In  a  strong  current  the  handling  of  it  becomes 
almost  an  impossibility,  as  I  found  whi  n  this  barge  was  swung  across  the  break  in 
•Osceola  Secondary  No.  3. 

The  service  barges  belonging  to  the  reach  answerall  requirements. 

The  new  geudral  service  barges,  V20  by  30,  used  especially  for  the  transportation 
of  rock,  are  somewhat  nuwieldy.  Even  if  snpplieu  with  capstans,  which  they  are 
Jkoij  it  will  always  be  a  matter  of  some  difficulty  to  handle  them  with  a  load  of  ^100 
<ubio  yards  of  stone. 
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A  sketch,  with  a  table  thereon,  fiiviug  fall  dimonsionsof  all  work  douein  tlio  period 
from  December  1, 18c<2,  to  November  1, 1883,  accompanies  this  report  (Plate  IV). 
I  am,  very  respectfully,  your  obedient  servant, 

Cha8.  D.  Marx, 
United  StattB  Amatant  Engineer, 
Capt.  John  G.  D.  Knioht, 
Corps  of  Engineers^  U,  8,  A. 


14. 

BBPOBT  OF  AUG.  J.  NOLTT,  ASSISTANT  ENGINEER,  UPON  OPERATIONS  AT  BULUSRTOV 

TOW-HEAD. 

BuLLKRTON  Tow-HEAD,  November  15. 18«3. 

Sir:  I  have  the  honor  to  submit  herewith  my  report  of  operations  at  BuUerton 
Tow-head,  covering^  the  period  from  December  1,  1882,  to  November  1,  1889. 

In  compliance  with  verbal  onlers  received  from  First  Lieut.  Thomas  W.  Symons, 
Corps  of  Engineers,  I  assumed  charge  of  this  work  on  April  14,  188:),  reli»*ving  Mr. 
Charles  A.  Aiikele,  who  had  tendered  his  resignation.  Upon  my  arrival  here  all  active 
operations  had,  by  reason  of  high  water,  ceased,  and  the  small  fonce  lefr  was  em- 
ployed in  the  care  and  preservation  of  public  iiioperty. 

The  river  having  fallen  snfficiently  by  May  12,  the  force  of  laborers  was  inoreased, 
and  the  construction  of  foot-mats  along  both  sections  of  Osceola-Bullerton  Dike  was 
begnn.  During  the  latter  part  of  May  work  along  the  north  bauk'of  Bullerton  Tow- 
heud  was  resumed  by  commencing  the  construction  of  two  foot-mats  and  a  high-water 
bnnk  protection.  A  small  force  were  also  employed  clearing  the  bank  for  a  distance 
of  50  feet  back  of  drift  and  standing  timber.  These  operations  were  continued  until 
the  middle  of  June,  when  the  river  again  rose  above  the  bank  and  put  a  stop  to  all 
further  work. 

On  June  23  the  greater  part  of  the  force  were  moved  up  to  the  stone  depot  at  Gold 
Dust,  Tenn.,  where  they  were  employed  in  loading  stone  on  barges,  a  party  of  seven 
men,  in  charge  of  one  foreman,  being  left  at  Bullerton  to  take  charge  of  the  plant  re- 
maining there. 

By  July  5  the  water  had  fallen  sufficiently  to  admit  of  reKumption  of  work  at  tbia 
place.  The  party  were  therefore  moved  back,  and  the  construction  of  inclined  foot- 
mats  between  piling  of  Osceola- BuUert on  Dike  and  Bullerton  Dike  No.  I  was  be- 
gnn, tbe  river  being  still  too  high  for  work  along  the  bank.  The  latter  work  waa 
resumed  about  the  middle  of  the  mouth,  and  has  been  continued  to  date  with  only 
occasional  and  short  interruptions,  caused  by  unfavorable  weather  and  delay  in  get- 
ting brush  and  stone. 

Owing  to  the  Ixmg  season  of  high  water  the  firs  half  of  the  current  yt^ar  has  been 
very  unfavorable  for  the  proper  prosecution  of  the  work,  and  by  far  the  largest  part 
has  been  accomplished  since  July. 

Some  of  the  work  completed  during  the  flood  season  was  found  on  the  snbsidenceof 
the  water  to  be  ba<lly  damaged,  so  much  so  that  it  was  considered  advisable  to  re- 
construct parts  of  it.  Notably  was  this  the  case  with  two  sections  of  foot-mat,  which, 
before  stone  for  sinking  it  could  be  had,  were  carried  by  the  rising  water  over  the 
bank  of  the  tow-head. 

This  part  of  the  bank  had  not  yet  been  ^aded,  and  as  the  river  fell  the  bank  be^an 
to  cave  underneath  the  mat.  As  this  caving  was  very  irregular,  the  water,  as  it  fell, 
left  the  mat,  at  such  places  where  no  caving  had  taken  place,  high  upon  the  bank  ; 
while  at  other  places,  where  the  bank  had  caved,  the  mat  was  out  of  sight.  The 
above- water  portions  of  tbe  mattress  were  therefore  cut  away  and  new  foot-uiata 
oonstructed.  Some  high-water  bank  prorection  was  also  damage<l  and  some  lost 
altogether.    This  dam^ige  and  loss  was  caused  by  want  of  stone  to  properly  load  it. 

Some  of  this  revetment  as  well  as  a  part  of  the  foot-mat  was  loaded  with  sand-sacks^ 
but  this  was  found  to  be  a  very  unsatisfactory  expedient,  principally  by  reason  of  the 
poor  quality  of  the  sacks  and  their  loose  texture.  The  sacks  would  soon  rot  and  tbe 
sand  wash  out. 

Eighteen  hundred  feet  ot  mattress,  100  feet  wide,  and  1,250  feet  of  bank  revetment, 
from  25  to  CO  feet  wide,  was  damaged  as  Just  described  and  had  to  be  renewed. 

Considerable  difficulty  has  been  encountered  during  the  prosecution  of  the  work 
.  from  tbe  very  strong  current  running  here.  Between  Ranges  50-^  and  52,  float-obser- 
vations taken  in  Angnst  gave  a  velocity  of  current  of  5.:^  miles  per  Lour,  depth  of 
water  ranging  from  25  to  50  feet.  The  upper  half  of  the  tow-hea<l  is  much  moix)  ex- 
posed to  the  erosive  action  of  the  current,  as  here  it  is  di-flected  aga  nsr  the  bank, 
striking  it  at  an  oblique  angle.  This  deflection,  as  well  as  increased  velocity,  is  caused 
mainly  by  the  sand-bar  opposite,  which  approaches  quite  close  to  the  tow-head,  thua 
narrowing  the  water-way. 


APPENDIX   TT — REPORT  OF  MISSISSIPPI  RIVER  COMMISSION.      2777 

Below  Range  52  the  bar  recedes  again,  making  a  wider  water-way,  decreasing  th© 
velority  of  the  cnrrent  somewhat,  and  making  its  con fho  more  parallel  with  the  bank. 

The  erosion  of  the  bunk  has  entirely  ceaMcd  since  the  foot-mats  were  sunk.  At 
several  placets,  however,  it  was  found  that  portions  «>f  the  bank  would  settle  down 
and  gradually  slide  into  the  water.  Examination  reveule<l  the  fact  that  this  waa 
ransed  by  seepage  fiom  a  marsh  in  the  interior  of  the  tow-head.  It  was  decided  to 
drain  this  toward  the  sooth  bank,  and  2,4*^5  linear  feet  (equal  to  1,479  cubic  yards 
excavation)  of  ditching  was  done.  The  depth  of  watt»r  in  the  marsh  varied  from  1 
to  5  feet,  and  its  level  was  11  feet  above  the  surface  of  the  river.  Since  this  marsh 
baa  bi-en  drained  no  further  trouble  has  been  experienced. 

The  only  work  done  on  the  south  bank  or  ArkauHas  side  of  the  tow-head  has  been 
to  temporarily  check  tlie  erocion  ot  the  bank  near  Range  52. 

Hi-re  the  bank  fur  a  distance  of  nearly  1,000  feet  began  to  caveenrly  in  the  sammor^ 
and  to  check  this  the  trees  standing  near  the  edge  of  the  bank  were  felled  so  that  they 
would  full  into  the  water  at  right  angles  to  the  bank,  their  butts  resting  upon  it. 
Thrse  trees  were  then  loade<1  with  bailed  stone.  This  work  seems  to  have  stopped 
the  cnving.  It  was  not  considered  necessary  to  do  any  work  of  a  permanent  char- 
acter here,  as  when  the  «likes  are  completed  the  chote  will  till  np. 

All  the  mattrcMS  s  maile  along  th«^  banks  of  this  tow-head,  i^ith  the  exception  of  350 
f«  et,  are  of  t  he  wiri-net  pattern.  This  mattresN  constnictecl  on  specially  designed  ma- 
chine barges  has  for  its  foundation  a  wire  netting  ma<1o  of  guivanized  iron  wire  of 
No.  8  and  No.  12  gauge,  the  heavier  wires  running  longitudinally  or  up  and  down 
stream,  the  smaller  transversely.  The  distance  between  the  longitudinal  wires,  which 
in  the  limit  of  the  length  of  the  mesh,  is  4  feet,  while  the  distance  between  the  otb  ra 
can  be  varied.  A  mesh  4  feet  long  by  2.5  feet  wide  has  been  adopted  her»*.  The 
bnish  is  carried  by  nnitable  machinery  operated  by  steam-power  from  the  brnsh  barge 
over  the  mattress  barge,  and  deposited  upon  the  netting,  where  it  is  received  by  meo 
standing  n]>ou  the  mattrens  and  supplied  with  long  hooks,  who  pack  it  close  together, 
.  at  the  same  time  seeing  that  it  breaks  joints  properly  t<i  give  it  the  requisite  trans- 
verse stiffness.  After  brush  sufficient  for  a  shift  has  been  thus  disposed  upon  the 
netting,  brush  binders  are  passed  over.  These  are  inserted  with  their  butte  into  and 
at  least  8  feet  through  the  netting,  and  then  bent  over  the  brnsh  just  laid  and  wired 
to  the  netting.  These  binders  are  of  course  placed  at  right,  angles  to  the  brnsh,  and 
that  part,  of  their  length  beyond  where  they  are  wired  will  be  nnder  the  sncceedin^ 
shift.  This  makes  an  excellent  mattress,  being  very  flexible  in  a  longitudinal  di* 
rection,  having  the  necessary  transverse  stiffness,  and  is  rapidly  constructed.  One 
bumlred  and  eighty  linear  fetft  have  been  made  in  a  day  of  ten  hours  wbeu  the  cur- 
iviit  was  moderate,  and  the  party  not  snbject  to  delays  in  getting  brush.  Three 
bund  red  and  fifty  feet  of  the  mattress  made  here  was  of  the  regular  pole  pattern, 
where  the  brnsh  is  alternately  woven  over  and  nnder  the  poles. 

When  the  mattress  between  Ranges  51  and  52  was  begun,  it  was  evident  that  a 
mattress  of  great  longitudiual  strength  to  withstand  the  great  strain  which  would 
l>e  thrown  u]ion  it  during  the  operation  of  sinking  would  have  to  be  construct od 
bere;  hence  the  single  No.  8  wires  were  replaced  by  wire  cables  made  of  six  of  the 
former  wires  well  twisted  together.  These  cabhs  were  placed  7  feet  apart.  In  other 
respects  this  mattress  is  similar  to  the  one  Just  describea. 

The  high-water  bank  protection  whose  lower  edge  laps  over  the  inner  edge  of  the 
foot-mat,  and  which  extends  to  the  crest  of  the  bank,  coiisists  of  a  loose  brush  mat- 
tjt*s8  continuous  for  its  entire  length. 

This  mattress  is  covered  with  stones,  they  being  placed  close  together  but  only  one 
layer  thick. 

At  such  places  where,  owing  to  slight  settling  of  the  foot-mat,  the  high  and  low 
water  bank  protections  do  not  make  a  good  lap,  small  sections  of  mat,  100  feet  lon^r 
and  wide  enough  to  cover  the  gap,  were  constructed  upon  an  ordinary  barge  placed 
close  to  and  parallel  with  the  bank.  One  end  of  these  mats  rests  npon  the  revet- 
ment, and  when  tinished  the  barge  is  pushed  from  nnder  the  mat,  allowing  it  to  fall 
down,  after  which  it  is  sunk. 

Considt'ring  the  amount  of  work  done,  the  depth  of  water,  and  the  velocity  of  cur- 
rent, very  little  loss  or  damage  to  the  work  has  been  sustained,  and  it  mostly  occur- 
red dnriuj^the  operation  of  sinking  the  mattress,  which  has  always  been  the  most 
difficult  part  of  the  work.  A  section  of  mattress,  300  feet  long  by  100  feet  wide,  in 
course  of  construction,  broke  away  during  the  night  of  August  22,  carrying  with  it 
the  mai  tress  and  three  other  barges.  This  loss  was  caused  by  the  caving  of  the 
bank.  The  mass  of  earth  and  stumps  falling  npon  the  mooring  lines  parted  them, 
thus  setting  the  mat  tree.  As  soon  as  the  aoi'id«  nt  was  reported  by  the  watchman, 
men  were  st^nt  out  with  anchors  avid  lines,  who,  after  cutting  the  mat  away,  suc- 
ceeded in  anchoring  the  barges  off  Fort  Pillow,  from  whence  they  were  towed  up  the 
next  day.  The  piece  of  mat  cut  away  lodged  on  a  drift  pile  at  Island  34,  and  as 
it  was  tearnd  that  it  might  cause  an  obstruction  to  navigation,  a  small  party  was 
aeot  down  to  recover  what  rope  there  might  still  be  upon  it,  and  to  cut  it  up  inU^ 
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flmall  sections,  which  were  allowed  to  float  away.  Abont  500  linear  feet  of  mat  was 
«o  baclly  U)Tn  up  iu  sinkinf;  that  new  mattress  had  to  be  constructed.  This  is  exclu- 
sive of  the  damage  resulting  from  high  water,  and  of  which  mention  has  already 
heeii  made. 

As  the  work  at  this  place  will  ultimately  be  subjected  to  a  \ery  severe  test,  the 
4itmost  care  hos  been  taken  to  do  it  properly,  find  to  impart  to  it  that  fiermaueucy 
which  such  work  requires  in  order  to  answer  the  purpose  of  its  construction. 

Whenever  a  new  section  of  mattress  was  begun  it  was  made  to  overlap  the  prfot^t- 
ing  section  by  at  least  2.^>  feet,  thus  practically  making  a  continuous  mutrress.  Tlio 
mattress  was  made  to  follow  the  indentation  of  the  bank  as  close  as  possible,  and 
where  this,  owing  to  the  depth  and  shortness  of  the  pockets,  was  not  practicat»l«, 
narrow  supplementary  mattresses  were  constructed  after  the  principal  oue  hud  beeu 
8unk,  these  small  ones  well  overlapping  the  inner  edge  of  tbo  larger  ones. 

The  sketch  accompanying  tbis  report  shows  the  condition  of  the  W4>rk  up  to  date. 
By  referring  to  it,  it  will  be  seen  that  the  length  of  bank  operated  upon  is  9,62r»  feet. 
Of  tbis  7,5U0  line.nr  feet  have  been  graded  by  tbe  bydraulio  grader  and  1,525  feet  with 
shovels,  leaving  600  feet  still  to  be  graded.  Five  tinndred  feet  of  foot -mat  and  2,700 
feet  of  revetment  yet  remain  to  be  constructed,  while  of  the  revetment  made  a  l«i*ge 
amount  remains  to  be  loaded  with  stone.  That  part  of  foot-mattress  at  the  head  of 
tow4jea<l  bounded  on  each  side  by  Range  50  was  constructed  prior  to  December  1, 
1882     All  the  other  work  has  been  done  since  that  date. 

Wherever  tbe  foot-mattresses  have  been  sunk  the  erosion  of  the  banks  has  entirely 
ceased,  oven  at  those  places  where  the  current  stiikes  the  bank  direcily,  and  wliieu 
ptior  to  the  conhtruction  of  mattresses  were  caving  rapidly.  Some  of  the  llnislied 
work  has  been  exposed  to  the  various  stages  of  the  river  from  a  complete  submersion 
to  very  low  water  and  has  stood  the  test  without  sustaining  the  slightest  damage. 

The  dikes,  too,  though  not  yet  finished,  have  done  admirable  work  in  deepening  and 
widening  the  channel  along  ihe  tow-head.  Soundings  taken  in  October;  when  the 
river  was  very  low,  show  nowhere  less  than  12  feet  of  water,  while  at  most  places  1  ho 
^epth  is  much  greater.  The  least  depth  is  at  the  upper  entrance  to  the  channel. 
None  of  our  steamers  have  had  the  slightest  difficulty  in  delivering  supplies  here,  and 
they  have  at  all  times  been  able  to  tow  the  most  heavily-loaded  barges  through. 

At  the  opening  of  the  work  last  year,  nearly  all  the  towing  had  to  be  done  through 
the  chute  on  the  Arkansas  side,  and  around  the  foot  of  the  tow-head  up  as  high  ua 
they  could  go. 

Attention  is  respectfully  called  to  the  urgent  necessity  of  completing  this  work  be- 
fore tbe  high- water  season  sets  in.  Should  the  river  rise  4  or  5  feet  above  the 
present  stage,  great  damage  would  be  done  to  the  unloaded  revetment,  and  a  higher 
rise  would  seriously  damage  that  part  of  the  bank  at  the  middle  of  the  tow-heatl  not 
jet  protected,  and  endanger  the  finished  work  below. 

Appended  is  a  table  showing  the  amount  and  kind  of  work  done  and  giving  dimen- 
flions  of  the  same.  No  account  of  the  work  along  dike  is  taken,  as  that  will  api><  ar 
In  the  report  of  the  assistant  engineer  now  in  charge  of  the  completion  of  those 
•dikes. 

All  mattress  of  a  less  width  thttn  100  feet  is  such  as  has  been  laid  inside  of  main 
mattress  for  the  purpose  of  covering  gftps  lefc  by  the  latter.  The  piece  of  150  feet 
width  was  laid  where  the  inclination  ot  tue  bottom  was  exceptionally  steep. 

The  total  length  of  mattress  and  revetment  made  will  bo  ibund  to  be  respectively 
12,741  and  1,250  IVet,  in  excess  of  the  length  of  bank  operated  upon.  This  excesn  la 
caused  by  the  reconstruction  of  damaged  work,  by  the  construction  of  mats  to  till 
gaps  between  the  main  one  and  the  shore  line  or  revetment,  and  by  the  amount  of 
overlaps. 

Work  done  at  Bullertan  Tow-head  from  December  1,  1882,  to  November  1, 1883. 


ClMBofirorlc 

Totals. 

Foot-mattreas  made  and  sunk. . 
Kevetment  made  .-...- 

10,310  by  100  feet,  355  by  150  feet, 

298  by  75  feet,  301  by  87  feet 
8  140  by  70  feet 

12.866  feet = 11,220  equans. 

8,140  feet  =  5,608  nqnarea. 
4,085  feet  =  8,053  aquarea, 
8,!H>0  feet. 

RevctincDt  loaded 

8.531  by  70  feet,  1,454  by  40  feet 

8.000  by  65  feel 

Bank  graded 

Poles  cat,  cords 

2:i3 

233  cords  =07,860  feet. 
7H()  cords. 

B?*t]i"h  cut,  cot dff - ,  T 

760 

nitAhinir  

2  425  feet   

2.425  feet = 1,470  cubic  yards. 

Bespectfldly  submitted. 

Oapt.  John  G.  D.  Knight, 

Corpe  of£Hgineere,  U.  8.  A, 


AUO.  J.  NOLTY, 

United  Staiee  Aeaietant  Engineer. 
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15. 

BRPOBT  OF  F.  A.  TSAOER,  ASSISTANT    ENGIXRER,   UPON    OPERATIONS    AT    OSCEOLA- 
BULLERTON  AND  PLUM  POINT  DIKES. 

Plum  Point  Dike,  Natembcr  1,  1883. 
Captain:  I  have  the  honor  to  sabmit  herewith  a  report  of  progress  of  the  work  on 
Osceola-Ballerton  and  Plum  Point  Dikes  from  December  1,  1882,  to  October  31,  1883, 

OSCBOLA-BULLERTON  MAIN  DIKE. 

In  referring  to  this  dike,  that  part  starting  from  Osceola  Bar  will  be  called  North 
Dike,  and  the  part  starting  at  BuUerton  Tow-head,  South  Dike. 

On  December  1,  1882,  about  1,200  feet  of  North  Dike  was  standing,  and  on  March 
12, 1983,  a  fleet  of  eight  drivers  was  put  to  work,  driving  until  April  13,  between  which 
date  and  the  18th  all  drivers  were  moved  to  Gold  Dubt.  The  dike  was  then  com- 
pleted all  but  two  openinfi^s,  one  of  200  feet,  900  feet  from  south  end  of  Sonth  Dike, 
and  one  of  250  feet,  about  300  feet  farther.  From  April  18  to  Juno  1, 200  feet  <  f  dike 
between  the  two  openings,  and  fiOO  fe  t,  about  400  feet  from  south  end  of  Sonth  Dike, 
washed  out,  on  account  of  dritt  and  no  foot-mat.  Juno  I  the  drivers  were  again  put 
to  work,  and  on  June  22  the  mouth  of  chute  was  closed,  all  but  a  gap  of  25h  feet, 
about  1,5<I0  feet  from  south  eutl  of  South  Dike,  and  from  June  22  to  July  10  drivers 
were  idle  on  account  of  having  no  piles  long  enough  lor  depth  of  water.  Between 
July  16  and  20,  600  feet  between  Ranges  49  and  49i,  having  no  foot- mat,  scoured  out, 
and  on  the  night  of  tbe  21st  a  large  rafr  of  logs  lodged  cxn  the  head  of  remainder  of 
Sonth  Dike,  and  although  this  part  had  been  matted,  inside  and  outside,  about  200 
feet  gave  way.  The  washing  out  of  this  part  may  bo  said  to  have  been  caused  by 
drift,  largo  quantities  of  which  had  accumulated  on  dike,  extending  out  tart  her  than 
tbe  mat,  thus  promoting  scouring  action  under  the  mat  ar>  its  outer  edge. 

During  the  night  of  July  23  the  steamer  J.  S.  Woodn,  with  tow  of  empty  barges 
flanked  in  on  dike  where  Range  49  crosses,  calchiug  pile  driver  No.  17,  and'  ]Hi6hing 
her  through  and  up  the  front  row  of  piling,  about  lf>0  feet.  Shortly  after  ibis  454 
feet  near  tbe  same  place  (coured  out,  caused  by  collupsing  and  imperfect  sinking  of 
mat.  Clusters  of  three  piles  were  then  driven  about  10  leet  apart,  and  the  tops  con- 
nected with  a  heavy  wire  cable.  A  mil  100  feet  wide  and  250  feet  long  was  nuide  on 
upper  side  of  these  clusters,  but  collapsed  before  sinking  was  commented;  *250  by  40 
feet  remained  good  and  was  sunk.  The  clusters  8too<l  erect  for  three  days,  when  t  bey 
bent  over,  and  about  two  weeks  later  washed  <mt  or  broke  loose.  At  this  time, 
Angnst  15,  it  was  almost  impossible  to  drivH  to  any  advantage,  on  account  of  rapidity 
of  current  and  scarcity  of  lou^  piles.  All  dike  was  now  matted,  and  as  the  water  was 
too  low  for  lK)ats  to  run  outside  of  tow-head,  a  gap  of  900  feet  was  left  open  for  navi- 

gation,  and  all  force  moved  dowu  tu  finish  BuUerton  Cross-Dike  No.  1.  Between 
eptember  10  and  20  375  feet  of  dike,  w^as  added  to  south  end  of  North  Dike,  and  abour  50 
feet  to  north  end  of  South  Dike,  making  North  Dike  3,995  feet  in  length,  and  South 
Dike  959  feet,  with  an  opening  of  900  leet  between  them.  One  thousand  three 
hundred  and  fifty  feet  of  North  Dike  is  completely  covered  with  sand,  and  all  the 
rest  partly  covered  but  500  feet  at  south  end.  The  general  condition  of  dike  is  given 
on  the  accompanying  sketch. 

BULLERTON  CROSS-DIKE  NO.   1. 

This  dike  is  composed  of  two  parts,  one  on  east  side  and  the  other  on  west  side  of 
BuUerton  Chute. 

West  Dike  runs  on  a  line  from  49^.  Ark  to  52  BuUerton  Tow-heail,  and  is  570  feet  in 
length.  East  Dike  starts  midway  between  50  and  CO^  Bnllertou  Tow-head,  and  runs 
toward  a  point  200  feet  below  50  Ark.  It  is  1,200  feet  long  and  makes  a  curve  at  1.130 
feet  in  the  direction  of  West  Dike.  Some  difficulty  was  e)cperieuced  in  the  buikiing 
of  West  Dike,  as  for  a  time  the  piling  washed  out  very  faFt,  but  after  beiuf;  malted 
with  inside  and  outside  tip-mat,  scouring  action  ceased,  and  siuce  that  time  a  fill  of 
10  feet  has  taken  place,  where  previous  to  siukiug  of  uiat  I  reported  five  piles  Wiished 
out,  and  47  feet  of  water.  The  shore  at  end  otdike  is  protected  with  200  by  CO  feet 
of  bank  protection  above  and  150  b v  50  feet  below  dike.  Also  a  foot  mat  of  same 
length,  but  100  feet  wide.  Each  dike  is  all  matted  inside  and  as  far  as  practicable 
ootside. 

Both  East  and  West  Dikes  are  in  good  condition,  aud  a  noticeable  fill  is  taking 
place  above  and  below  ea<'h.  From  present  ai>pearauces  the  chute  is  slowly  filiiug 
op  and  the  channel  going  on  the  outside  of  the  tow-head. 
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PLUM  POINT  DIKES. 

These  dikes  were  started  September  20,  and  as  yet  little  progress  has  been  made 
owiog  chiefly  to  scarcity  of  Diaterial.  Up  to  date  work  has  been  done  only  on  Main 
Dike  and  Cross-Dikes  1  and  2.  The  amount  of  dike  completed  and  incomplete  ia 
given  on  sketch.  Five  hundred  and  fifty-six  feet  of  Main  Dike  has  100  feet  foot-mat, 
and  458  feet  has  inside  or  grillage  mat  between  the  second  and  third  rows.  The  grill- 
age mat  is  a  t  ip-mat,  and  was  sunk  to-day.  The  foot-mat  has  not  yet  been  snnk.  All 
foot-mat  on  Main  Dike,  according;  to  orders,  will  be  sniik  fiat,  and  oross^dikes  will 
have  grillage  tip-mat  and  50  feet  tip-mat  outside.  The  shore  at  bead  of  Main  Dike  la 
protected  by  a  revetment  290  feet  long  and  65  feet  wide.  The  small  gap  between  end 
of  Main  Dike  and  shore  will  bo  closed  in  a  few  days  and  cross-dikes  will  be  finished 
to  shore  as  moou  as  possible. 

If  the  material  can  be  had,  Main  Dike  as  far  as  Cross  Dike  No.  2  and  Cross  Dikes  1 
and  2  can  be  protected  by  the  latter  part  of  December. 

PLANT. 

The  small,  low,  100-foot  mat  barge  nsed  by  me  in  Bnllerton  Chute  is  almost  nselesa 
for  making  mat  in  swift  water,  as  it  has  but  one  kevel  on  each  end  and  no  capstan. 
The  new  large  157-foot  mat  boat,  with  capstan  on  each  end,  I  am  now  using  is  all 
that  could  be  desired. 

The  pile  drivers  have  done  very  well,  but  the  cironlar  lead  drivers  are  at  times  very 
awkward  to  handle,  and  are  the  o^use  of  considerable  delay.    The  side  lead  drivers 
are  much  more  convenient  and  iu  every  way  preferable  to  oircnlor  leads. 
Very  respectfully,  jour  obedient  servant, 

F.  A.  Ybaobb. 
J.  G.  D.  Kkioht, 

Captain  of  Enffiiuert,  V.  8.  A. 


16. 

BBPOBT  OF  A.  P.  HATFIIBLD,  ASSISTANT  KNOINSBR,  UPON  HYDRAULIC  GRADING  OPERA- 
TIONS. 

Elmot,  Ark.,  November  13,  18t3. 

8iR :  I  have  the  honor  to  snbmit  the  following  as  my  report  of 'the  hydmulio  grading 
performed  in  Plum  Point  Reach  since  December  1,  m82. 

On  that  date  I  was  placed  in  charge  of  Grader  No.  4.  This  grader  has  two  Davidson 
pumps,  independent  action.  Plungers  16  inches  diameter,  driven  by  two  compound 
engines,  the  initial  or  high-pressure  cylinders  l)eing  18  by  24  inches,  the  low-pressure 
oyjinders  34  by  24  inches.  Steam  is  supplied  by  a  battery  of  three  boilers,  22  feet  long, 
44  inches  diameter  of  shell,  with  five  10- inch  flues.  Area  of  grate  surface,  56  feet  3 
inches.  The  vacuum  pumps  are  also  of  the  Davidson  style,  steam  cylinders  10  by  16 
inches,  water  cyliuders  12  inches  diameter.  The  water  supply  came  from  two  wells 
directly  below  the  pumps ;  these  are  3  feet  square,  the  water  passing  thnm^^h  two 
strainers  of  2,500  |-inch  holes.  The  suction  pipe  is  14  inches  diameter.  The  dis- 
charge is  through  a  boom  pipe  60  feet  long,  having  twelve  openings  fitted  with  4-inch 
valves;  to  ^hese  the  hose  is  attached.  The  hose  outfit  consisted  of  4'-inch  hose — six 
sections  50  feet  each ;  two  sections  25  feet ;  two  sectionn  12  feet  2^  inches.  Rubber 
6-ply  hose,  four  sections,  50  feet,  with  nozzles  1^,  If,  and  2  inches. 

December  2,  the  grader  was  taken  to  the  head  of  BuUerton  and  began  work  on  the 
west  side.  Here  we  graded,  up  to  February  9,  9,432  linear  feet,  and  98,546  yards. 
Up  to  this  time  the  total  operating  ezjienses  were,  for  labor,  $1,970.12;  fuel,  $439.97 ; 
subsistence,  $546.25 ;  t-otal,  $2,958.34.  Cost  per  yard,  3  cents ;  per  linear  foot ,  31  cents. 
The  grader  had  a  total  crew  of  17  men,  and  used  about  80  busheK  of  coal  per  working 
day. 

March  26  I  was  transferred  to  Qroder  No.  2. '  I  his  has  pumps  of  the  Deane  make, 
and,  except  in  being  duplex  action,  they  are  of  the  same  general  dimensions  and  steam* 
power  as  Grader  No.  4. 

Wo  again  began  work  on  upper  Osceola  Bar,  where  we  were  at  work  until,  April  6, 
the  water  again  rising  obliged  us  to  stop.  Here  we  ^adcd  2,900  linear  feet,  10,6311 
yards.  The  expense  of  this  period  was:  Labor,  $403;  luel,  $8^160;  suhsistence,  $83.20^ 
total,  $569.80.     Cont  po-  yard,  3.8  cents;  per  linear  foot,  14  coiit(>. 

Wo  were  laid  up  on  account  of  high  water  until  July  14,  when  I  was  directed  to 
take  Grader  No.  4  and  try  to  wash  a  channel  through  the  bar  forming  from  near  the 
head  of  BuUerton  toward  the  head  of  Yankee  Bar.  We  commenced  on  the  lower  side 
of  the  bar,  working  up-stream  with  two  If-tuch  nozzles,  which  were  fastened  to  a  spar 
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and  lowered  to  the  bottom.  Soundings  showed  that  a  hole  was  readily  washed  from 
3  to  5  feet  deep,  but  that  it  filled  up  immediately  after  the  grader  moved.  There 
were  then  17  leet  of  water  on  the  bar.  We  also  tried  working  from  the  upper  side  of 
the  bar  down,  but  in  each  case'thi*  hole  tilled  up  almost  immediately.  July  24  this 
"was  given  np,  it  being  evident  that  the  work  was  useless. 

July  28  we  began  grading  again  on  BuUerton  below  the  previous  work.  August 
30,  run  out  at  lower  end  of  the  tow-head,  making  4,360  linear  feet,  36^01/6  yards.  .Most 
of  this  time  we  could  use  but  one  pump.  The  cost  of  this  period  was :  Labor,  |c!40.50 ; 
fuel,  $199.90 ;  subsistence, $173.80;  total,  $1,214.'40.  Cost  per  yard,  3.3  cents ;  per  linear 
foot,  27  cents.  This  was  the  last  grading  performed  by  me.  September  24  I  wae 
again  transferred  to  Grad*  r  No.  2  and  directed  to  work  in  the  chute  below  Gold  Dust. 
September  26  the  grader  sunk  while  passing  down  the  chute.  The  circumstances 
were  related  in  my  report  of  the  occurrence.    The  grader  was  rai**ed  October  14. 

I  have  thus  i^iven  a  sketch  of  the  amount  of  work  x>erformed  by  the  graders,  most 
of  the  work  being  done  by  No.  4.  I  can  say  very  little  as  to  the  respective  merits  of 
the  Davidson  and  Deane  numps.  The  advantage  seems  to  be  with  the  Deane  for 
regularity  of  action  and  their  greater  solidity  acquired  by  the  iron  beds  and  the 
heavier  metal  of  its  parts. 

The  arrangement  of  the  wells  under  the  pumps  was  found  to  give  trouble  by  the 
pnmps  sncking  the  sand  and  muddy  water  running  off  the  banks,  wearing  the  packing 
and  plungers.  While  laid  up  during  May  and  June  thio  was  changed  so  that  the 
water  is  now  taken  from  the  bow  or  the  point  where,  as  the  grader  lies  to  the  bank 
at  work,  it  is  over  the  deepest  water  and  removed  as  far  as  possible  from  the  effect  of 
the  mud  from  the  bank.  The  wells  in  the  bow  seem  to  act  as  a  settling  tank  and 
furnish  better  water  to  the  boilers  and  pumps,  but  they  require  to  be  frequently 
cleaned  of  the  mud  deposited. 

The  left  pump  of  Grader  No.  4  seemed  to  have  settled  out  of  line,  so  that  during  Au- 
gust we  could  use  but  one  pump.  An  examination  also  showed  that  part  of  the  valve 
motion  had  become  so  worn  that  it  was  probably  the  canse  of  the  irregularity  of  stroke 
and  heavy  pounding  for  some  time  noticed  in  this  pump.  The  rubber  valves  seem  to 
wear  rapidly.  Two  sets  have  been  used.  The  worn  valves  have  been  refaced  in  a 
lathe,  but  after  being  so  faced  have  proved  to  be  of  very  little  further  use. 

In  working  the  grader  I  have  generally  used  one  If-inch  nozzle  with  two  1^  inch. 
One  large  nozzle  proves  to  be  more  effective  than  two  small  ones,  but  the  small  ones 
make  the  better  grade.  There  seems  to  be  too  much  water  flowing  in  one  place  from 
the  large  nozzle.  Wh<  n  using  all,  I  have  had  the  small  nozzles  working  together  near 
the  grader,  with  the  large  nozzle  about  100  feet  ahead  in  a  cut  by  itself.  Occasionally 
a  stratum  of  bard  blue  clay  is  fonod  which  the  smaller  nozzles  cannot  out,  and  I  have 
then  combined  all.  The  general  arrangement  of  strata  has  been,  on  the  top  a  brown 
elay  from  four  to  twelve  feet  thick,  with  underlying  strata  of  sand  alternating  with 
clay;  but  these  strata  occur  in  great  variety  of  number  and  thickness.  When  the  bank 
is  entirely  of  clay  but  little  care  need  be  taken  for  a  smooth  grade.  Where  sand  oo- 
enrs  the  method  I  have  used  has  been  to  keep  the  top  of  the  cut  a  little  ahead  of  the 
bottom,  and  always  keeping  enough  of  the  loose  soil  back  of  the  cut  to  form  a  sluice 
and  prevent  the  water  flowing  back  over  the  grade.  A  gully  will  be  formed  at  the 
bottom,  but,  if  properly  managed,  this  can  be  filled  by  the  caving  of  the  bluff,  and 
the  sluice  aavanced  as  rapidly  as  possible.  The  proper  grade  should  be  made  at  the 
first  cut ;  an;  trimming  afterward  generally  does  harm.  In  some  sandy  places  the 
only  way  we  could  prevent  gullies  was  to  throw  the  water  from  the  top  of  the  grade 
down ;  then  the  jet  after  cutting  does  not  run  down  the  grade,  but  glances  off  into  the 
river. 

The  obstarles  encountered  are  logs  buried  in  the  bank,  stumps,  the  willow  espe- 
cially goin^  deep,  willow  brush  growing  thickly  with  long  roota;  these  form  a  mat 
which  the  jet  will  not  penetrate,  and  must  be  cut  and  pulled  out.  When  practicable, 
I  have  left  stumps  standing  on  the  ^ade ;  otherwise  they  are  pulled  out  by  the  hoist- 
ing engine  of  the  grader.  In  freezing  weather  ice  forms  a  few  inches  thick  on  the 
anrface  of  the  bank,  and  finally  falls  in  a  sheet  over  thn  bank  to  be  cut.  The  Jet  will 
not  cut  this  ice;  so  it  has  to  be  broken  and  moved  by  hand. 

The  small  nozzles  are  strapped  or  fastened  with  hook-bolts  to  a  lever  or  bar  held  by 
the  nozzleman ;  to  this  lever  is  fastened  a  stem  allowing  vertical  motion  to  the  nozzle. 
This  stem  is  inseited  in  a  pipe,  which,  being  pointed,  is  driven  into  the  ground  as  a 
stand.  The  stem  is  held  in  place  by  a  set-screw^  which  penetrates  into  a  recess  in  the 
stem  and  allows  free  horizontal  motion.  The  stand-pipe  is  also  assisted  by  an  anchor 
placed  forward.  The  anchors  were  first  made  with  a  rigid  bar  at  right  angles  to  the 
nnke;  this  bar  had  a  hook  at  the  end,  which  was  put  in  a  ring  on  the  stand ;  but  as 
they  invariably  soon  broke  at  the  angle  between  the  fluke  and  the  bar,  I  substituted 
a  chain  for  the  bar.  For  the  large  nozzles  I  at  first  tried  the  same  kind  of  stand,  but 
soon  found  it  would  not  hold  even  with  three  anchors;  therefore  a  heavy  wooden 
bench  having  four  legs  waa  made ;  this  has  worked  well,  requiring  two  anchors. 
The  large  nozzles  furnished  gave  way  at»  the  base  by  the  copper  tube  drawing  out  of 
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the  oonpling  ring.  Jaonary  6  this  occurred,  breaking  the  nozzleman's  leg ;  since  then 
a  heavy  iron  clamp  with  an  eye  on  one  side  has  been  used;  the  clamp  is  also  riveted 
to  the  tube. 

For  service  on  the  bank  I  have  used  one  nozzleman  and  two  helpers  for  the  large 
nozzle,  and  one  nozzleman  with  one  helper  for  each  small  nozzle.  On  the  grader  we 
require  two  engineers,  two  fin^men,  a  linesman,  and  helper. 

Since  April  (5,  the  party  has  been  subsisting  on  the  nearest  ouarter  boat. 

To  obtain  the  data  necessary  to  make  the  reports  of  the  efficiency  of  the  pumpe^ 
work  performed,  &c.,  the  pumps  have  a  *' revolution  counter"  and  a  scale  laid  off  on 
the  Bide  of  the  pumps  to  show  the  length  of  the  stroke.  The  steam  engineer  has  on 
a  board  placed  convenient  a  blank  form  (see  Form  2),  on  which  he  records  the  exact 
time  of  starting  and  stopping  of  the  pumps,  cause  of  stoppage,  and  the  reading  of 
the  revolution  counter  at  time  of  stopping.  The  counter  is  disconnected  when  the 
pnmps  stop,  and  conuected  when  the  pumps  are  started,  after  thev  have  made  the  first, 
few  strokes  to  fill  the  boom  pipe  and  hose.  A  record  is  thus  kept  of  the  effective 
strokes  of  the  pump.  The  theoretical  discharge  is  computed  from  the  number  and 
length  of  the  strokes.  The  nozzks  also  have  a  pressure  gauge  at  the  base  where  the 
stream  begins  to  contract,  which  gauge  shows  the  pressure  at  this  point,  and  the  actual 
discharge  is  computed  from  this  pressure  according  to  tables  found  in  '*  Ellison  Fire 
Streams."  A  blank  form  is  fastened  np  on  the  gr^er  house,  and  on  it  the  nozzleman 
records  frequently  the  pressure  of  nozzles  and  pumps  at  the  same  time,  also  the  time  of 
ob8er>*atiou,  length  of  hose,  &c.  (see  Form  No.  4).  The  steam  engineer  also  makes 
daily  reports  (Form  3)  of  matters  pertaining  to  the  working  of  his  eogiues.  From 
these  reports  and  bank  measurements  my  reports  (see  Form  1)  are  compiled. 

The  efficiency  of  the  water  cylinder  has  varied  from  75  to  85  per  cent. 

The  pressures  used  have  generally  been  about  110  or  115  pounds  at  the  pumps,  which 
gives  from  80  to  90  at  the  nozzles^  I  at  first  endeavored  to  use  higher  pressure,  but 
the  frequent  bursting  of  the  2f-inch  hose  obliged  me  to  use  the  low  pressure  men- 
tioned. This  2i-inch  hose  was  of  rubber,  6-ply.  The  4-inch  hose  at  first  seemed  able 
to  endure  all  the  pressure  I  wished  to  give,  and  I  had  no  trouble  with  it,  nntil  after 
laying  up  through  the  high  water  I  tri^  to  use  the  large  hose  and  nozzles  under  water 
washing  the  bar.  Then  the  hose  would  not  endure  more  than  80  pounds  pump  preB»> 
nre,  and  this  weakness  still  continued  when  the  hos6  was  osed  for  bank  grading.  I 
have  cnt  out  the  bnrst  places  and  inserted  couplings,  bat  the  4-inch  hose  on  hand 
is  weak  and  causes  delays  by  its  frequent  bursting.  The  2i*inch  rubber  hose  has 
mostly  been  replaced  bv  a  cotton  rubber-lined  hose,  Eureka  brand.  The  siujsle  50-foot 
section  furnished  me  lost  spring  has  given  good  satisfaction,  and  I  believe  is  still 
serviceable :  but  hose  of  apparently  the  same  kind  received  since  has  given  much 
trouble  by  bursting  at  very  moderate  pressure.  The  first  to  break  gave  way  at  80 
pounds;  I  had  observed  the  pressure  only  a  moment  before  it  burst.  This  hose  also 
ffives  way  near  the  nozzle.  The  first  signs  are  numerous  fine  Jets  Issuing  all  around 
tne  hose;  these  increase  in  size  and  number  until  the  hose  gives  way.  The  time  con- 
sumed in  replacing  coupling,  either  when  the  hose  bas  burst  or  the  coupling  slipped, 
has  added  to  the  cost  of  the  work.  I  have  endeavored  to  have  sufficient  hose  on  hinid 
so  that  these  repairs  could  be  made  at  night  or  at  times  without  interfering  with 
the  work,  but  several  times  have  had  to  stop  and  make  general  repairs.  When  the 
cotton  hose  is  not  in  use,  I  have  kept  it  on  the  staging  m  an  inclined  and  straight 
position.    When  in  use  this  hose  has  no  chance  to  dry,  and  this  mai^  tend  to  weaken  it. 

The  graders  as  they  are,  seem  to  be  very  complete  for  the  service,  and  I  have  no 
suggestions  to  offer  as  to  changes  in  the  general  construction.  I  would  only  suggest 
that  some  arran^^ement  be  added  that  will  enable  the  full  power  of  the  pumps  to  be 
applied  to  pumping  from  the  hold  in  case  of  accidents  or  leaks  which  may  endanger 
the  grader. 

I  append  the  blank  forms  used  in  collecting  data  for  reports. 
Very  respectinlly,  yours  truly, 

S.  P.  Hatfdeld, 
United  8UUm  AuUiani  Engineer. 

Mr.  A.  J.  Frith, 

Umited  SUUet  A99i$iamt  EnffiMer  la  duurge  Phm  PaM  JSemA. 
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17. 

RXFOBT   OF   W.  H.  POWLBS8,    ABSISTAMT   BNOINEBR,  UPON   8UBYSYB   ON   THB  PLUX 

POINT  REACH. 

Fulton,  Tsnn.,  November  6, 1883. 
Captain  :  In  accordance  with  yonr  order  of  September  14, 1  have  the  honor  to 
submit  the  following  report  for  the  eleven  months  endinc  October  31,U883. 
Field  and  office  work,  ^The  following  is  a  statement  of  the  work  accomplished  by 

the  party : 

•  •••«•• 

The  following  additional  maps  and  tracings  have  been  made: 

•  •••••• 

Numerous  progress  sheets  have  been  prepared,  and  several  drawings  made  of 
machinery,  £,c. 
The  following  measurements  of  discharge  have  been  made : 

The  following  miscellaneons  field  work  has  been  done : 

•  ••#••• 

Stage  of  the  river, — From  the  hydrograph  which  accompanies  this  report  it  will  be 
seen  that  three  distinct  flood-waves  passed  down  during  the  eleven  months.  The 
heights  attained  by  their  crests,  and  tlie  dates  of  their  passage  at  Plum  Point,  are  as 
follows: 


Number. 


First 

Second... 
Third.... 


Diitoi 


March  1, 1888 
April  19,  1883 
Jane  80, 1888 


Height  above  Height  below 
low  water  of  i  bigb  water  of 
1870.  I    March  1,1882. 


82.20 
28.80 
2&76 


Feet 
0.62 
8.02 
5.07 


The  first  flood  caused  a  general  overflow  between  Cairo  and  Memphis;  but  as  it 
subsided  very  rapidly,  its  effect  was  less  disastrous  than  that  of  March  1,  IStfii,  The 
second  and  third  flood- waves  only  overflowed  the  banks  in  a  few  localities ;  the  latter 
was  caused  by  the  Missoari  River,  and  did  much  damage  above  Cairo. 

In  accordance  with  yonr  instructions,  the  mean  stage  of  the  river  for  the  years 
ending  November  1,  18^2,  and  November  1,  1883,  was  computed,  a  planimeter  being 
used  for  the  purpose.  The  results  obtained  were  20.6  and  14.8  ieet,  respectively. 
The  following  table  gives  the  mean  stage  for  the  months  comprising  those  years. 

Jfean  etage  of  river. 


1881  and  1882. 


1882  and  1888. 


NoTember . 

December. 

Jaonary... 

Febnuoy . . 

March. 

An 


April. 
MAy.. 


June. 

July 

Augnst...., 
Sflq^embw.. 
Oetobw..... 


1881,  17.6 

1881.  18.2 

1882,  2&2 
1882,  81.7 
1882,  8L8 
1882,  24.1 
1882,  2&7 
1882,  28.1 
1882,  22.0 
188%  1L7 
1888,  &0 
1883;  47 


Feet, 

1882,  8.6 

1882,  6.2 

1883,  0.7 
1888,  26.6 
1888,  24.4 
1888.  26.0 
1888,  8a8 
1888,  240 
1888,  10.4 
1888,  10.6 
1888,  8.1 
!».  1.4 
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The  fUloidng  table  is  aLso  appended. 


Number  of  days 

on  which  the 
stage  of  thoHv^er 
vanes  between— 

November  1, 

1881.  to 

November  1, 

1882. 

November  1, 

1882.  to 

November  1, 

1888. 

Oand   6  feet.... 

Sand  10  feet... . 
10  and  15  feet.... 
15  and  20  feet.... 
80  and  25  feet.... 
25  and  30  feet.... 
80  and  85  feet.... 

45 
iO 
82 
73 
84 
63 

^- 

88 
26 
61 
42 
SO 
SO 

CHANaSS  ON  THE  REACH. 


The  most  striking  change  noted  is  the  great  excess  of  the  fills  over  the  sconie,  a 
featnre  probably  dne  to  the  February-March  flood,  the  slackening  of  the  onrrent  when 
the  water  overflowed  its  banks  causing  deposits  which  subsequent  floods  have  as  yet 
failed  to  remove. 

Anhport  Bend. — In  the  bend  above  Daniels  Point  rapid  caving  oocnrred  during 
medium  and  high  stages,  and  an  unusually  swift  current  existed.  (During  the  Feb- 
ruary-March flood  the  surface  velocity  in  this  bend,  about  300  feet  from  uie  caving 
bank,  was  9  feet  per  second  or  6  miles  per  hour. )  The  material  derived  from  this 
caving  was  probably  deposited  over  the  bed  of  the  river  in  Ashport  Bend,  where  the 
current  was  much  more  slack.  This  deposit  in  turn  caused  a  contraction  of  sectional 
area  from  which  the  river,  owing  to  the  curvature  of  its  left  bank  and  the  nature 
of  its  material,  sought  relief  in  caving  rather  than  in  bed  erosion.  Approximate  val- 
ues of  the  volume  of  scours  and  fills  in  this  locality  were  as  follows: 

Cnbiofees. 

Volume  of  caving  bank  in  bend  above  Daniels  Point 170, 000, 000 

Volume  of  caving  bank  in  Ashport  Bend 106,700,000 

Volume  of  bed  erosion  in  Ashport  Bend »>,  000, 000 

Volume  of  fill  over  bed  in  Ashport  Bend 429,200,000 

Assuming  that  the  volume  of  caving  in  the  Ashport  Bend  has  been  carried  below, 
the  volume  deposited  in  the  bed  which  has  been  derived  above  from  sources  other 
than  the  oaviuf  bank  in  the  bend  above  Daniels  Point  is  152,500,000  cubic  feet. 

The  values  of  the  mean  depths,  widths,  and  sectional  area  at  low  water  are  given 
in  a  table  accompanying  this  report,  and  are  also  represented  graphically  on  a  tracing. 
The  following  are  the  mean  values  in  this  part  of  the  river. 

Metm  ohangea  in  A$hport  Bend,  Not.  20-27,  Iwih  inolmive. 

Decrease  in  high-water  sectional  area square  feet..  10,377 

Decrease  in  low-water  sectional  area do 9,056 

Decrease  in  low-water  mean  depth feet..  5 

Increase  in  low-water  width do 218 

•  •••••• 

Eangea  No§.  27-31.— The  changes  over  this  portion  of  the  river  consist  in  a  bconr 
along  the  main  dike  and  a  fill  in  the  channel.  The  maximum  value  of  the  former  is 
10  feet  and  its  average  about  5  feet.    The  maximum  fill,  23  feet,  occurs  on  No.  30. 

Main  riveTf  Nos,  3^38. — ^An  inspection  of  Nos.  32  and  33  shows  that  a  very  heavy 
fill  has  occurred  oif  Elmot  Bar,  which  has  been  accompanied  by  marked  caving  on 
the  Arkansas  shore.  On  No.  33  the  area  of  this  fill  and  caving  are  nearly  equal,  but 
on  No.  32  the  fill  is  largely  in  excess.    The  caving  in  this  locality  has  formed  a  false 

g)int  below  No.  33,  the  tendency  of  which  is  to  throw  the  water  toward  the  foot  of 
Imot  Bar.    This  efiect  is  particularly  noticeable  on  No.  36. 

Elmot  Chute, — The  changes  in  this  chute  are  as  follows:  Over  areas  behind  the  old 
dikes  a  fill  has  generally  resulted ;  over  areas  behind  the  gaps  recently  closed  a  scour 
hae  occurred ;  on  Nos.  30  and  31,  at  Keys  Point,  a  caving  bank  and  a  making  bar 
have  shifted  the  channel  to  the  south,  while  lower  down  along  Elmot  Bar,  fi-oni  No.  34 
to  37,  similar  causes  have  shifted  the  channel  to  the  north.  Below  No.  38  thw  chute 
has  made  a  new  low- water  mouth  along  the  outside  of  Island  No.  30,  causing  very 
heavy  scours.    Owing  to  this  and  to  the  caving  banks  before  mentioned,  the  resultant 
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ohaDge  in  the  high-water  sectional  area  shows  an  increase.    The  increase  in  the  area 
of  the  low-water  section  is  not  so  marked^  owing  to  the  bulk  of  the  erosion  occniring 
above  low- water  mark. 
The  following  are  the  values  of  these  changes: 

Mean  oKomgts  in  Blmoi  CktUe, 

Kos.  27-42,  excepting  Nos.  2d  and  31: 

Increase  in  sectional  area,  high  water square  f^t..  3, 340 

Increase  in  sectional  area,  low  water do....      420 

Increiise  in  mean  depth,  low  water feet..         1.1 

The  upper  month  of  Elmot  Chnte  at  the  foot  of  Elmot  Bar  is  about  the  same  as 
during  the  December-February  survey.  It  filled  up  completely  during  the  high 
stage,  but  cut  out  again  when  the  river  fell, 

Cknte  No.  30.— The  closing  of  this  chute  at  its  head,  which  was  commenced  in  1881, 
still  continues.  It  is  now  entirely  cut  off  at  the  low  stage,  and  has  not  been  taken 
into  account  in  computing  mean  values  of  low- water  areas,  Ac, 

The  mean  changes  in  its  three  cross-sections  are  as  follows: 

Decrease  in  high-water  sectional  area square  feet..  2,53. 00 

Decrease  in  low- water  sectional  area do 710.0 

Decrease  in  low-water  mean  depth feet..  0.6 

(hoeola  Cknte. — ^The  changes  in  this  chute  have  been  as  follows: 

Upper  Oeeeola  Chnte,  Noe.  39|,  40,  40i,  41,  41i,  42,  and  43. 

Mean  decrease  in  high-water  sectional  area square  feet..  4,306.0 

Mean  decrease  in  low* water  sectional  area do 940.0 

Mean  decrease  in  low-water  mean  depth feet. .  1. 9 

The  maximum  fill,  17^  feet,  occurs  on  range  42. 

Lotoer  Oaeeola  Chnte,  Noe.  45-47. 
Mean  increase  in  low-water  sectional  area square  feet..  40 

Main  Biver,  Noe.  37-50.— On  this  portion  of  the  river  the  most  noticeable  change  is 
the  continued  caving  along  Osceola  Bar,  extending  from  Nos.  41-47,  and  tending  to 
shift  the  channel  still  further  toward  the  Arkansas  shore.  The  closing  of  chute  X^o. 
30  at  low  stages,  and  the  deepening  of  the  lower  mouth  of  Elmot  Chute,  have  caused 
a  marked  shoaling  (maximum  value,  44  feet  on  No.  42)  of  the  old  channel,  and  a  scour- 
ing along  the  Tennessee  shore,  against  which  the  water  from  Elmot  Chute  impinges. 
This  water  is  there  deflected  and  then  scours  the  old  channel  at  No.  44,  and  tncfeby 
causes  the  fill  in  the  locality  where  the  Government  fleet  formerly  lay.  It  also  ap- 
pears that  a  shoaling  of  22  feet  has  occurred  at  the  Plum  Point.  Landing  (No.  45). 
At  No.  AS,  a  fill  averaging  16.4  feet  has  occurred  for  a  distance  of  2,400  feet,  in  front 
of  the  Osceola-Bullerton  Dike,  while  a  marked  scour  has  taken  place  in  the  efaanneL 
Behind  this  dike  a  fill  averaging  10  feet  in  depth  has  occurred  on  No.  48  for  a  distance 
of  700  feet,  and  on  No.  49  a  fill  averaging  10.6  feet  extends  to  the  Ai)cansa»  shore. 

Main  river,  No.  50,  to  head  oj  Yankee  Bar. 

On  No.  50  a  seonr  has  occurred  on  the  upper  side  of  Bullerton;  shoal  water  BtiU 
oontinuee  along  the  outside  of  Bullerton  Tow-head  off  its  head,  but  a  channel  has 
scoured  out  about  1,200  feet  from  it,  giving  10  feet  at  low  water  down  this  passage. 
JBelow  No.  50  a  fill  has  generally  occurred  over  Bullerton  Bar,  except  on  rauge  56^ 
where  a  scour  has  taken  place,  owing  to  the  recession  of  the  bluff  sand-bank  whicli 
forms  the  right  shore  of  the  Tennessee  Chnte,  below  No.  55.  A  marked  scour  has  oc- 
curred off  the  outside  of  Bullerton  Tow-head,  at  No.  52  and  53,  and  a  deepening:  has 
also  taken  place  at  its  foot.  This  latter  change  is  not  shown  on  the  tracings;  it  oc- 
curred between  the  surveys  of  August  and  October,  and  amounted  to  3  feet. 

Bnllerton  Cknte,— The  following  show  the  mean  ciianges  in  Nos.  50,  51,  52,  and  53,  in 
this  chute : 

Square  feet. 

Ijicrease  in  high-water  sectional  area 1,212 

Increase  in  low-water  sectional  area 1,481 

Below  head  of  Tan kee  Bar. — Below  Range  58  the  chanses  are  not  very  marked.  Owing 
to  hiffh  water  caving.  No.  58,  which  formerly  crossea  Yankee  Bar^  now  passes  above 
it.    Caving  still  continues  above  Craighead  Point. 
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Yankee  Bar  Chute, — No  data  exiats  for  noting  the  changes  in  this  looality.  Appear- 
ances,  however,  indicate  a  fill  throughout  its  whole  extent. 

Changes  in  Elmot  and  leland  No,  30  chutes  hetween  surveys  of  Aprils  1882,  and  Segiiember^ 

October,  1883.  ; 

The  Buryeys  of  April,  1882,  being  made  before  the  dikes  were  oommenoedy  this  com- 
parison gives  an  idea  of  the  changes  caused  by  them.  The  caving  of  the  banks  at 
key's  Point  and  Elmot  Bar  and  the  deepening  of  the  chute  below  No.  38  had  begun 
several  years  before  the  dikes  were  commenced,  and  their  erection  has  not  as  vet  caused 
any  changes  in  these  localities.  The  shoaling  of  the  chute  of  No.  30  at  its  bead  is  of 
several  years'  standing,  and  still  continues. 

On  a  tracing  the  dikes  are  shown  as  they  existed  about  Angast  1,  as  the  gaps  in 
them  which  have  very  lately  been  closed  must  have  influenced  greatly  the  onanges 
which  have  occurred.  These  changes  are  very  similar  to  those  already  noted  above 
as  occurring  between  the  surveys  of  December-February,  1882-^,  and  October,  1883. 
On  No.  31,  outside  of  the  dike,  a  fill  is  shown,  but  the  former  comparison  shows  that 
this  has  since  been  scoured  away. 

The  mean  changes  which  have  occurred  in  these  chutes  are  as  follows: 

Increase  in  high- water  sectional  area square  feet..  1,273 

Decrease  in  low-water  sectional  area do 557 

Increase  in  low-water  width feet..  lOS 

Decrease  in  low-water  mean  depth do  . .  0. 1 

An  approximate  value  of  the  excess  of  the  volume  of  scour  over  that  of  fill  between 
the  high-water  sections,  from  28  to  42,  is  22,426,000  cubic  feet. 

Gauging  o&«0iTatiofi8.~Ganging  observations  have  been  made  with  double  floats, 
run  at  mid-depth  and  observed  from  the  end  of  a  base-line  several  hundred  feet  long. 
An  ordinary  watch  was  used  for  observing  time.  The  distance  over  which  the  pas- 
sage of  floats  was  observed  was  200  feet. 

The  computed  discharges  mentioned  in  the  table  of  results  given  below  ^Appendix) 
have  been  computed  firom  tho  equation  of  the  Fulton  discharge  curve  given  in  my 
report  of  July  11,  1881,  to  the  Commission.  The  observed  values  of  the  discharge  of 
the  river  at  Bullerton  Tow-head  on  September  5  and  October  26  difler  from  those 
eompnted  by  3|  and  1  per  cent.,  respectively. 

It  will  be  seen  that  the  discharge  in  Lower  Osceola  Chute  ceases  at  a  sta^e  of 
about  4  feet ;  at  a  stage  of  25  feet  it  passes  about  7  per  cent,  of  the  volume  of  the  river. 
The  observations  taken  in  Elmot  Chute  show  that  in  June  the  upper  mouth  discharged 
about  one-half  more  than  the  lower  mouth,  but  that  in  October  these  discharges  were 
about  equal.    The  discharge  of  Chute  30  ceases  at  about  a  6foot  stage. 

The  ratio  of  the  discharge  of  Bullerton  Chute  to  tho  entire  discharge  of  the  river 
varies  inversely  as  the  stage.  On  September  15  (stage  4.9  feet)  its  value  was  0.62; 
en  October  26  (stage  5.4  feet)  this  was  reduced  to  0.50,  owing  to  a  scouring,  both  in 
the  Tennessee  and  middle  channels. 

SLOPE  OBSBBVATIONS. 

A  table  accompanving  this  report  gives  a  comparison  of  the  profiles  of  the  river  on 
Harch  1,  1882,  on  wnich  date  it  reached  the  highest  level  on  record,  and  on  October 
12,  1883,  when  the  stage  at  Elmot  was  3  feet  above  low  water  of  1879.  It  will  be 
seen  that  the  value  of  the  fall  firom  Ashport  to  Fulton  is  1.36  feet  greater  at  the  low 
than  at  the  high  stage.  This  diffisrence  is  a  maximum  at  Potty's  Landing,  the  fall 
between  that  point  and  Ashport  being  3.28  feet  greater  at  the  low  stase. 

The  following  values  of  the  fall  through  Bullerton  Chute  from  Driver's  toPetty's 
Landings,  are  given : 


Date. 

Above  low  water  at  Driver's  Landing. 

lUL 

Hsxoh  1,1882 

88.0 

JFM. 
0.88 

October  12, 1888 

2.1 

&6I 

Nofember -.» 1879 

0.2 ^ 

S.2f 

From  the  tracing  showing  the  two  profiles,  it  is  seen  that  the  excessively  high  slope 
in  the  vicinity  of  Bullerton  Tow-heaa  is  accompanied  by  a  low  value  of  the  curve  of 
mean  depth ;  also,  that  a  marked  scour  has  occurred  m  the  locality  where  at  the 
high -water  of  March  1, 1882,  a  verv  heavy  slope  was  found. 

iJuriDg  the  low- water  surveys  of  August-September,  1883,  and  October.  1883,ffreat 
variations  were  found  in  the  level  of  the  water  at  the  opposite  extremities  of  the 
orooB-aeotions  in  the  vicinity  of  Bullerton  Tow-head,  caused  doubtless  by  a  shOal  at 
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Ihe  lower  end  of  the  Tenneasee  Chnte,  acting  as  as  a  dam  and  forcing  l>aek  the  water. 
On  October  22  the  following  dififerences  in  elevation  were  found : 

Feet 

Elevation  of  No.  50  Tennessee  above  No.  50  Arkansas 0.62 

Elevation  of  No.  51  Tennessee  above  No.  51  Arkansas 1.33 

Elevation  of  No.  53  Tennessee  above  No.  53  Arkansas 1.62 

Elevation  of  No.  54  Tennessee  above  No.  54  Arkansas 1.73 

Elevation  of  No.  58  Tennessee  above  No.  58  Arkansas 1.78 

An  erosion  is  now  occurring  at  this  shoal  in  the  chute,  the  effect  of  which  will  be 
to  lessen  the  above  differences  and  increase  the  discharge. 

GAVINO  BAKK8. 

A$hpari  BmmI.— The  length  of  the  oaviug  bank  in  this  4>end  is  about  14,000  feet, 
extending  from  No.  21  to  26,  and  the  greatest  annual  rate  of  caving  is  at  present  540 
feet.  The  cavins  since  the  fall  of  1879  has  amounted  to  about  700  feet.  As  far  as 
observed,  caving  here  occurs  wholly  at  medium  and  high  stipes. 

Below  Fletcher't, — Caving  here  extends  from  the  mouth  oi  Mill  Bayou  to  the  false 
point  below  No. 33,  a  distance  of  8,000  feet;  of  late,  however,  but  little  caving  has 
occurred  above  No.  32.  The  maximum  caving  now  occurs  at  No.  33,  where  the  annual 
rate  is  600  feet. 

Inside  of  Elmot  Bar,— Below  No.  34  the  caviuff  which  was  in  progress  in  1879  still 
actively  continues,  and  to  it  is  due  the  erosion  of  the  lower  mouth  of  £lmot  Chute  and 
the  closure  of  Chute  No.  30  at  its  head.  The  length  of  the  caving  is  about  5,000  feet, 
and  the  present  maximum  rate  is  360  feet  per  year. 

OutMe  of  Osceola  Bar. — ^The  caving  in  tnis  locality  has  been  in  progress  since  1879, 
since  which  date  the  head  has  receded  down-stream  3,000  feet,  and  the  cut  now  known 
as  the  middle  entrance  formed.  The  caving  since  1879  has  oeen  1,600  feet  at  Ko.  41, 
and  700  at  No.  44.  The  maximum  caving  of  late  has  been  at  No.  44,  where  the  bank 
has  receded  250  feet  in  ten  months.  At  present  no  caving  is  occurring  in  the  locality, 
the  bank  having  been  revetted. 

Below  San  iSouci.— Caving  still  continues  in  this  locality  and  is  most  marked  at  the 
low  stage  owing  to  the  swift  current  in  Bnllerton  Chute.  The  length  of  the  caving 
bank  is  about  3,700  feet,  and  its  present  maximum  rate  270  feet  per  annum. 

At  and  above  Craighead  Point, — This  caving  occurs  almost  entirely  at  medium  and 
high  stages.  Its  length  is  about  15,000  feet  extending  from  No.  56  to  No.  68.  The 
maximum  rate  is  about  260  feet  per  year. 

Head  of  Yankee  Bar, — At  high  stages  a  very  swifb  current  was  thrown  against  the 
head  of  Yankee  Bar,  due  probably  to  heavy  fills  in  Yankee  Bar  Chute.  The  bank 
beine  composed  of  sand  has  receded  very  rapidly,  the  amount  of  recession  being  1,200 
feet  nrom  January  to  October,  1883. 

Local  high- water  caving  has  occurred  at  Keys  Point,  lefb  bank  of  Chute  No.  30,  and 
Tennessee  shore  below  Plum  Point. 

•  •••••• 

BUMBCARY  OF  CHANGES  ON  THE  REACH. 

The  following  table  exhibits  the  mean  values  of  cross-section  areas,  &o.,  from 
Daniels  Point  to  Fort  Pillow.  In  all  computations  relating  to  low-water  dimensions, 
the  following  chutes  in  which  no  current  exists  at  low  water  have  been  dimregurded. 

Ashport^  Osceola,  No.  30,  and  Yankee  Bar. 

Mean  values  No.  17  to  71. 

(These  volnmes  have  been  meAsnxed  with  a  planimeter  from  enrres  shown  on  trsolng.) 

Decrease  in  high-water  sectional  area square  feet..    4,438 

Decrease  in  low- water  sectional  area do 4,728 

Decrease  in  low-water  mean  depth feet..        0.9 

Decrease  in  low-water  width do 109 

Area  in  low- water  sections  December,  1882,  February,  1883 square  feet. .  49, 520 

Area  in  low-water  sections  October,  1883 do 44, 792 

Low- water  mean  depth  December,  1882,  February,  1883 feet. .      15. 4 

Low-water  mean  depth  October,  1883 do 14.5 

Low- water  width  December,  1882,  February,  1883 do 3, 308 

Low- water  width  October,  1883 do....     3,199 

The  value  of  the  decxease  in  high-water  sectional  area  would  be  probably  materially 
increased  if  the  fills  in  Ashport  and  Yankee  Bar  Chutes  had  been  ascertained.  This 
omission,  however,  has  not  effected  the  values  for  the  low-water  sections. 
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V 

The  following  is  a  snmmary  of  the  Tolnmes  of  fills  and  booots  over  the  -reach, 
l>etwecn  the  surveys  of  Deoember,  1882,  Febmary,  1888,  and  October,  1883. 

Feet 

Volnmo  of  fill  below  ordinary  high-water  mark 726, 500, 000 

Volume  of  fill  below  low-water  mark 655, 000, 000 

Volume  of  fill  above  low-water  mark 70,700,000 

Volume  of  scour  below  ordinary  high- water  mark 257, 900, 000 

Volume  of  scour  below  low-water  mark 142, 500, 000 

Volume  of  scour  above  low-water  mark 115,400,000 

•  •••••• 

My  assistants,  Messrs.  Phillips,  Maurer,  and  Clark  have  rendered  valuable  and  effi- 
cient service. 

Respectfully  submitted. 

W.  H.  POWLB88, 

AiHttant  Engimmr. 
J.  Q.  D.  Knight, 

CapUUn  ofEngineer$,  U,  8.  A. 


Beaults  of  gauging  ohwrvaiUma, 


Xooalilgr. 


Blmot  Chute  at 
B.'uif;e88  ..... 


XlmcA  Cbate  at 
foot  of  Blmot 
Bar 


Xlmot  Chate, 
lower  moath, 
atBange39.. 


fimall  <^ate  oi>- 
poflite  tow- 
neadonBftnge 
93 :.. 


Chate  ]!ro.ja  .. 


Osceola  Chate 
atRanflmil... 

Otoeola  Chute, 
Bange  42,  Ar- 
kaosaa  shore.. 

OsceoU  Chute, 
Range  4ft 


Osceola  Chute, 
Range  48 

BullertOD  Chute 
at  Range  68... 


Middle  Channel, 
KangeSS 


Tennessee 
Chute,  Range 


Date. 


June  27 
July  18 
Oct    U 


June  26 
July  18 
Sept  20 
Oct.    11 


June  25 
July  19 
Sept  20 
Oct    11 


Jane  26 
July  18 
Sept  20 
Oct  11 
June  "SO 
July  18 
Sept  20 
Oct   11 

July    6 


July    6 

May  10 
July  6 
July  17 

Sept   6 

Hay  10 

Ja^  "- 
Sei 


July  17 
Sept  6 
Oct    26 

Sept  6 
0^    26 

Sept  6 
Oct   26 


26.60 
17.00 
2.60 


26.60 

17.00 

2.00 

2.60 


26.60 

17.65 

1.05 

2.70 


26.60 
17.00 
1.05 
2.70 
26.60 
17.00 
1.05 
2.70 

26.80 


25.80 

23.80 
2&80 
16.60 

4.05 

28.30 
10.60 
4.05 
6.36 

4.06 
6.36 


4.05 
6.86 


76,781.6 

iOpieao 


2.078.0 
3, 670. 0 


28. 164. 1 

20.631.1 

6, 100. 0 

6,400.0 


0,186L0 
8,761.0 


21,448.0 


8,662.0 

16,356.8 
16,687.0 
9,000.0 

3,364.0 

42, 180  6 
85,924.0 
24,688.0 
24, 060. 0 

18.700.0 
18»  600.0 


10.400.0 
12.050.0 


r^tt 


21.0 
16.1 


6.4 
6.6 


28.4 
22.8 
6.1 
6.6 


16.8 
7.2 


17.8 


14.9 

2L6 
20.2 
13.2 

8.2 

40.0 
37.2 
26.6 
23.4 

9.2 
&6 


7.7 

a6 


^     ^ 


|5 


FLper  §ec. 

4.70 
4.00 


8.71 
8.20 


6.0 
4.8 
1.76 
2.00 


8.80 
8.80 


1.2 


L67 

3.60 
4.00 
3.12 

0.36 

4.60 
6.02 
6.10 
4.48 

2.80 
8.64 


2.60 
8.84 


Ft  per  see. 

6u00 
4.65 


4.09 
8.70 


6.26 
6.66 
2.17 
2.70 


4.20 
6.71 


1.8 


2.00 

4.20 
4.60 
3.60 

0.45 

6.85 
6.80 
7.00 
5.27 

8.n 

4.82 


8.18 
4.60 


Cu.ftper§ee. 

357.051.4 
106,26L0 
22,882.0 


215,381.4 
87.675.0 
11, 028. 0 
11,602.0 


141,670.0 
96,686.0 
8,084.0 
11,800.0 


86,077.0 
14,844.0 
0 
0 
169,824.7 
67.850.2 
0 
0 

26,646.2 


18,662.6 

60,074.6 
65,671.8 
28.148.0 

1,21L0 

194,774.4 
182, 236. 0 
126, 431. 0 
107,711.0 

62, 238. 0 
65,876.0 


26,602.0 
40,255.0 


0.870 

assi 

0.140 


0.220 
0.182 
0.060 
0.071 


0.160 
a  174 
0.074 
0.060 


0.040 

ao2o 


0.100 
0.106 


0.028 


0.018 

0.070 
0.071 
0.052 


0.240 
0387 
0.620 
0.506 

0.266 
0.808 


0.126 
0.188 
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Discharge  0/  entire  river  a#  Bange  53. 


6 

1 

i 

1 

•dg, 

•0 

1 

Bftte. 

1 

i 

1 

Ou-ftpertee. 
204.100.0 

Difbn&OA. 

8epl6.1S88 
0^26^1888. 

A0t 

4.05 

&21 

r^ 

FmL 
4,845 

12.8 

"■r,-- 

*^.Kf* 

5.36 

fi.24 

54,700 

4,618 

11.8 

8.8 

218.841.0 

211,724 

xni 

On  Septomber  6  the  xirer  wm  fUUng.    On  October  26  the  liver  wm  stationexy. 


APPENDIX    K. 

bxpobt  of  majob  a.^m.  hillsr,  corps  of  xnqinbbr8,  upon  operations  in  thb 
second  di8trict1  mississippi  river. 

Unitbd  States  Engineer  Office, 

Memphis,  Tenn,,  November  12,  1883. 
Colonel:  In  compliance  with  yonr  letter  dated  September  6,  1883,  I  have  the 
honor  to  rabmit  the  following  report  of  work  done  since  December  1, 1882|  in  the 
seoond  district,  under  the  snperyiBion  of  the  Mississippi  River  Commission. 

MEMPHIS  REACH  AND  HARBOR. 

Bank  protection. 

In  November,  1882,  a  project  was  submitted  for  work  on  the  Memphis  Reach,  from 
foot  of  Island  No.  40  to  Scanlan's  Landing,  and  the  revetment  of  the  bank  in  Hope- 
field  Bend  on  the  west  bank,  and  from  Frame's  Chute  to  mouth  of  Wolf  River  on  the 
east  bank,  was  approved  by  the  Commission,  an  allotment  of  f800,000  having  been 
made  for  this  purpose,  and  at  a  subsequent  meeting  of  the  Commission,  on  my  urgent 
representation,  an  additional  allotment  of  |25,000  was  made  for  the  purpose  of  revet- 
tingand  seeming  the  bank  on  the  Memphis  front,  from  the  freight  elevator  to  mouth 
of  Wolf  River,  where  caving  seriously  threatened  great  damage  and  the  probable 
entire  deetmction  of  very  viuuable  mills,  the  cotton  compress,  and  freight  elevators. 

MEMPHIS  FRONT,  BELOW  WOLF  RIVER. 

The  work  of  sinking  mattresses  was  nearly  completed  on  December  1,  1882;  since 
that  date  five  mattresses  were  sunk,  three  iu  the  vicinity  of  the  cotton  compress,  and 
two  in  front  of  the  city  levee,  as  shown  on  map.  The  upper  bank  was  graded  by 
hand,  from  the  elevator  to  cotton  compress  and  revetted  with  willows  and  broken  stone. 
In  addition  to  the  revetment  of  the  bank  it  was  necessary  to  build  wooden  cnlverts 
to  lead  the  city  drainage  to  low  water,  in  order  to  prevent  its  cutting  the  bank  into 
gullies,  and  thus  causing  fresh  caving. 

The  amount  of  work  completed  here  was  ad  follows :  Five  mattresses  60  by  120  feet  = 
300  linear  feet ;  13,700  cubic  yards  bank  excavation ;  362  feet  wooden  culverts  2  by 
2  feet ;  6,273  square  yards  of  upper  bank  revetment. 

This  work  has  ai)parently  accomplished  the  ohfect  for  whioh  it  was  constructed, 
that  is,  the  jprevention  of  further  bank  caving.  It  has  stood  well  the  high  water  of 
1883,  and  quite  a  growth  of  willows  has  made  its  appearance  on  the  upper  hank  revet- 
ment. Some  repairs  may  be  necessary  from  time  to  time  to  keep  the  culverts  in  order. 

REVETMENT  OF  HOPEFIBLD  BEND. 

Thi«  work  consisted  in  sinking  deep-water  mattresses,  buildinff  upper  bank  proteo- 
tion,  and  the  grading  of  bank  above  low  water.    The  object  of  the  work  is  to  hold 
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the  river  in  its  present  channel,  thnspreYemting  a  possible  oat-off,  which  would  leave 
the  city  of  Memphis  away  Irom  the  nver. 

The  project  contemplated  the  revetment  of  the  bank  from  Mound  City  Landing 
above,  for  a  distance  uf  two  miles,  to  a  point  m  the  vicinity  of  Hopefield. 

Active  operutioos  were  begnn  in  December,  1882,  by  the  employment  of  hyilraulic 

frader  No.  2,  in  grading  the  bank  and  mattress  sinking,  which  was  continued  until 
ebraar^  10,  1883,  when  high  water  put  a  stop  to  the  work.  Owing  to  the  condition 
of  the  river  during  the  sinking;  of  mattress  work,  rapidly  rising  water,  much  diffi- 
culty was  experienced  from  drill  and  a  strong  current,  it  was  therefore  not  consid- 
ered safe  to  construct  continuous  mats.  The  mattresses  were  therefore  sunk  in  lengths 
varying  from  250  to  300  feet,  all  having  a  width  of  140  feet. 

On  ^bruary  10, 1883,  high  watev  caused  a  suspension  of  the  work,  at  which  time 
1,127  linear  feet  of  mattress  140  feet  wide  had  been  placed  in  position. 

Work  was  resumed  in  August,  1883,  and  is  still  in  progress. 

The  total  amount  of  work  done  since  December  i,  1862,  to  October  31,  188J,  has 
been  as  follows:  6,956  linear  feet  of  mattress  140  feet  wide  made  and  sunk;  7,589 
linear  feet  of  mattress  140  feet  wide  made;  67,242  cubic  yards  of  bank-gradinff ; 
6,663.5  cords  of  willows  cut  and  delivered;  415  cords  of  poles  cut  and  delivered; 
4,922.25  square  yards  of  upper-bank  protection  made. 

In  addition,  snagging,  bank  cli^aring.  and  repairs  were  carried  on,  for  details  of 
which  reference  is  made  to  the  report  or  Mr.  W.  M.  Rees,  assistant  engineer  (marked 
B),  forwarded  herewith,  whose  diligence  and  tact  in  immediate  charge  of  the  work 
has  been  of  great  value. 

The  portion  of  the  bank  revetment  1,127  Uneax  feet,  built  Deoember,  1882,  to  Feb- 
ruary, 1883,  and  which  has  experienced  the  effects  of  the  high  water  of  1883,  when 
the  water  was  5  feet  over  the  banks  at  the  point  revetted,  has  shown  good  stability. 
Alter  the  water  fell  a  small  cave  occurred,  owing  to  a  want  of  continuity  of  the  mat- 
tresses, which  was  rectified  by  placing  a  mattress  over  the  vacant  spot.    The  upper 


end  or  bead  of  the  mattress  work  will  re(]^nire  some  additional  work  to  secure  it,  but 
in  its  present  condition  is  secure  from  senons  damage.  The  effect  of  the  next  hiffh 
water  upon  this  work  is  looked  forward  to  with  great  interest,  as  it  will  probably 
decide  many  points  in  this  method  of  protection.  It  does  not  apper  to  be  advisable 
to  undertake  this  kind  of  work  until  the  water  has  nearlv  if  not  quite  reached  it« 
lowest  stage,  although  this  depends  somewhat  on  the  depth  of  water  at  the  bank  to 
be  revetted.  At  high  water  it  has  been  found  very  difficult  to  place  the  mats  in  proper 
position,  as  the  tendency  is  to  slide  or  run  up  aeainst  the  bank,  thud  reeultmg  in 
upper  bank  protection,  when  it  is  essential  that  the  lower  bank  snould  first  be  held. 
The  principal  cause  of  delay  in  the  work  has  been  difficulty  in  procuring  willows. 
During  low  water,  when  it  is  absolutely  essential  to  push  the  work  as  rapidly  as  pos- 
sible, the  very  worst  conditions  obtain  in  reference  to  procuring  willows ;  that  is, 
they  must  be  hauled  quite  a  distance  to  get  them  on  tihe  barges.  This  is  the  principal 
item  in  their  cost.  The  practice  on  this  reach  has  been  to  build  wooden  tramways 
and  oars  and  haul  them  by  mules.  It  is  not  possible  to  obtain  willows  at  hiffh  wator, 
and  keep  them  on  hand  for  use,  as  they  must  be  fresh,  or  are  so  brittle  as  to  oe  uselets 
for  weaving.  Delav  from  lack  of  stone  has  not  been  felt  very  seriously  on  this  work, 
as  the  amount  reomred  has  been  comparatively  small;  on  one  occasion  recourse  was 
had  to  sacks  filled  with  buckshot  clay  to  sink  a  mattress,  and  the  work  seems  to  have 
held  well ;  4,300  Runny  sacks  were  used  at  a  cost,  and  loaded  on  barges,  filled,  of  about 
|387 ;  their  weight  was  equal  to  about  214  cubic  yaids  of  stone. 

Labor  has  been  plentiml,  but  difficult  to  keep  employed  on  account  of  the  un- 
healthy climate.  White  labor  has  been  employed  with  tne  exception  of  one  willow 
party,  which  was  composed  of  ne^p^oes  with  white  overseers.  Tney  save  better  sat- 
isfaction cutting  willows  than  white  labor,  but  were  more  difficult  to  Keep,  as  when  a 
week's  wages  were  due  them  they  would  quite  generally  leave  and  lay  idle  till  their 
wages  were  spent. 

The  report  of  Assistant  Engineer  Joseph  Bumey  (Appendix  K 1)  showing  all  the 
work  done  on  Memphis  Harbor  is  transmitted  herewith. 


REPAIR  OF  LBVEBP,  YAZOO  FRONT. 


The  Boaid  of  Engineers  convened  by  Special  Orders  No.  88,  Headquarters  Corps  of 
Engineers,  Washington,  D.  C,  August  21),  1882,  for  tbo  transaction  of  certain  busi- 
ness connected  with  the  repair  and  building  of  levees  on.the  Mississippi  River,  opened 
bids  for  the  construction  and  repair  of  levees  September  25,  1882,  and  a  further  let- 
ting was  made  on  October  16,  1882.  The  following  are  the  abstracts  of  bids  for  re- 
pairs of  levees  in  the  second  district  of  the  Mississippi  River  Improvement. 
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AhBtnM 

!« 

Names  of  Udders. 

Locality  of  lerse. 

1^ 

Prioeof 
felling 
timber. 

Bemarks. 

4B     B.  G.  Haston,  Cindoiiatl, 
Ohio.    John    B.    NMly. 
ChatUDoogn,  Tenn. 
7    J.     W.     Elaridge.     Lake 

Charles  Landing,  Mias. 
10  1  MeGavook  A,  T^   Mem- 
1     phis.  Tenn. 

90     Wirt     Adams,     president 
Mississippi  Contract  and 
Improvement    Company, 
1     Jackson,  Miss. 

breaks. 

1  Lake  Charles  break ] 

Parker*8  Xnlargement  and 
breaka. 

Parker's  Bnlargement  and  ( 

breaks.                           \ 

Lake  Charles  break ( 

♦a  87 

23 
22 

im  per 

•  acre. 

Cost  and 

10  per 

cent. 

(*) 

\  Bzesvation. 
iXmbankmoai. 

*  HeaTj  clearing,  148  per  aere ;  light  olearlng,  |8Q  per  acre. 

Kon.— Contracts  were  awarded  to  MoOaTock  and  Tate  for  Parker's  Enlargement  and  bftnks,  aai 
to  J.  W.  Bldridge  for  Lake  Charles  break,  Wirt  Adama  having  declined  on  acoonnt  of  dedalon  reftia* 
lag  employmsnt  of  oonviot  labor. 


Abttraei  of  bid$  opened  October  16, 1882. 


ii 


Names  of  bidden. 


Patrick  P.  Lamb.  Bolivar 
County,  Mississippi. 

W.  M.  Forrest  and  J.  T. 
Stanton,  Memphis,  Tenn. 

Arnold  St  Co.,  Memphis. 
Tenn. 

MeGavock  it  Tate,Colorado. 
Andrew  Bodkin,  Memphis, 


P.  GOlooly  and  John  Clan- 
eey,  Memphia,  Tenn. 

Timothy  BolliTan,  Doni- 
phan, Mb. 


Locality  of  leree. 


1^ 


III 


fi 


TUmarka. 


I 


Bland's    Bayon 
land's. 


Garth's 
son's. 

do. 


to    Gvt-K 
break  to  Jeffer- 


10  251 


i 


Bland's  Bayou  to  Garland's 

Garth'a  break  to  Jeffer- 
son's. 

Bland's  Bayou  to  Garland's 

Gsrth's  break  to  Jefibr- 
son's. 

Bland's  Bayon  to  Chffland's . 

(Hrth's  break  to  Jeflfbr- 
son's. 

do 


f75  00 
75  00 
60  00 
50  00 
50  00 
75  00 

75  00 
40  00 

40  00 
40  00 

40  00 
45  00 

76  00 


Embankment. 
Ezoavatioo. 
Jefferson  brsak. 
Beard  break. 
MoClond  brsak. 


Non.— Contnots  were  awarded  to  tMmothy  Sullivan  for  levee  fh>m  Garth's  break  to  Jeflanon's,  and 
to  Arnold  A  Co.  for  loreo  tnan  Bhmd'a  Bayon  to  Garland's,  their  bida  being  the  loweal 


Work  was  pushed  on  theao  le^ee  repaiiSy  and  the  following  work  was  completed 
and  paid  Ibr: 


Jjoemjetleffm. 


Amount  of  work  dona. 


Embank- 
ment. 


Ezoavatloii. 


dealing. 


CosC 


Parker's  enlargement. . 
lAke  Charlee  break . . . . 


Bland's  Bayou  to  Gariand.... 
Chtfth's  break  to  Jeflbrson'a. . 


Total. 


Cfubic  yard*, 

89.822 

88.868 

44,800 

.     88,552 


Cfubie  fforda, 

i,6«i 


A&ret. 

"ii'io' 

22.83 
45.23 


$28.583  04 
11,179  80 
12.800  25 
22,554  n 


250^542 


1,061 


82.86 


75^116  70 


All  the  contractors  completed  their  work  before  hiffh  water,  and  final  payments 
were  made.  Since  the  completion  of  the  work  the  TcTee  has  broken  again  at  the 
MeClond  break,  and  should  be  repaired. 
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8UBYST8. 

A  anrvey  of  the  Memphis  Heach  was  completed  Febrnary  21. 1883,  by  Assistant 
Engineer  F.  8.  Bnrrowes,  whose  report  (Appendix  K  3)  is  herewith  submitted. 

A  survey  of  the  Helena  Reach  from  Commerce  Cat-off  to  Friar's  Point  was  com- 
pleted January  27,  1883,  by  Assistant  Engineer  F.  A.  Fisher,  whose  report  is  herewith 
submitted  (Appendix  B  4). 

A  survey,  reconnaissance,  and  estimate  for  repairs  of  levees  in  the  second  district 
was  completed  by  Assistant  Engineer  Richard  Klemm,  whose  report  is  submitted 
<Appendix  K  5). 

A  low-water  survey  of  the  Memphis  Reach  was  made  in  September,  1883,  by  Mr.  H. 
13.  Jacoby,  draughtsman,  on  which  sheet  is  platted  the  shore  lines  and  present  con- 
dition of  the  work,  and  which  is  submitted  with  this  report. 

Tables  showing  detailed  statements  of  expenditure  under  each  allotment  from  appro- 
priation for  Mississippi  River  in  this  district,  also  table  showing  amount  of  phuit 
purchased  for  the  Memphis  Reach,  with  cost  of  same,  are  transmitted  herewitii. 
Very  respectfully,  your  obedient  servant, 

A.  M  MnxBB^ 
Major  f  Ccrp9  i^Engm 
lie  at.  CoL  C.  B.  Comstococ, 

Carps  ofEnavMen.  UMttd  Statm  Army, 

Pfwidsnf  MUfi^uippi  motr  CcmminUm, 


IM  of  floating  property  Iwught  for  use  at  Memphis  Boaeh  and  Harbor,  wiikeoitcfi 


DeMriptkm. 

Ifa 

First  cost. 

Total  coat 

Banarks. 

Swsw 

18 
8 

$2.000  00 
1,900  00 

$88,000  00 
5,880  00 

Do 

Total 

21 

41,880  00 

* 

HattTfim-THMto ...      . 

8.000  00 
1,600  00 

12,000  00 
It  ono  OA 

-Screen-boats 

Total 

18,000  00 

QiiArter>boata 

1,080  00 
1,640  00 
2,74100 
2,878  00 

1,080  00 
1,840  00 
2,741  00 
2,878  00 

^     i)o 

Do 

Do .. 

Total 

4 

8^887  00 

Pile^riren 

80 

4,518  01      88,144  08 

8,50125        8,50125 

2200           80000 

Machine^hoDboat 

$3,880  paid  pxior  to  DMsamber  1, 188L 

gujonine^nopuow....... 

Total  ooat 

114,122  88 

Mtino 

lades  outfit  < 

Bf  tools. 

A.  M.  MnxBR. 
M^tfor,  Corps  of  Engineers, 

DBTAIUED  STATEMENT  OF  EXPXNDITUBE8  FOB  MEMPHIS  BEACH  AND  HABBOR. 

August      2,1882.  AUotment |325,000  00 

November  1, 1883.  Amount  expended  for— 

Labor 60,987  73 

Material 7,763  50 

SuppUes 2,469  20 

Repairs 1,367  58 

Outfit 5,967  82 

Assistant  engineers 5,711  67 

Clerk 1,000  00 

Stationery 160  40 
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]7o  member  1. 1883.  Amount  expended  for» 

Freight $168  86 

Traveling  expenaee 222  83 

Office  lent 181  00 

Fnel 497  80 

TelegraniB 11  63 

Subeistence 16,181  93 

Hire  of  plant 3,198  91 

Total 105,890  80 

A.  M.  MiLLEBi 
Major,  Corps  ofJBngfneers, 

BBTAILXD     BTATSMEMT    OF    BZFBNBXTUjnS    FOB    OOKSTBUCHON    ASD    BBPAIB    OF 

LBVBBSy  TAZOO  FBOKT. 

Angnet  2, 1882.    Allotment $80,950  00 

Noyember  1, 1883.    Amount  expended  Ibr— 

Earthwork 75,116  70 

Labor 1,499  33 

Material 138  00 

Supplies 3  30 

Outfit 8  75 

ABsistant  engineers 1,600  00 

Clerk 175  00 

Inspector 600  00 

Stationery 8  25 

Traveling  expenses 267  95 

Office  rent  and  quarters 108  50 

Telesrams 50  41 

Subsistence 36  00 

Advertising  and  printing 220  06 

Total 79,832  25 

A.  M.  MiLLBR. 
Mttfor,  Corps  ofEnglneors, 

DBTAILBD  8TATSIIBZIT  OF  BZFBNDXTUBB8  FOB  flUBYBT  OF  ^BB  HBLBNA  BBACH. 

Angast2y  1880.    Allotment $8,000  00 

Noyember ,  1, 1883.    Amount  expended  for— 

Labor $3,635  66 

Material 41  08 

Supplies 58  66 

Repairs 6  00 

Outfit 607  66 

Assistant  engineer 1,205  00 

Clerk 175  00 

Draughtsman 750  00 

Stationery 18  85 

Freight 29  65 

Office  rent  and  quarters 193  00 

Subsistence 562  74 

Hireof  plant 228  00 

Total 7,511  29 

A  M.  MnxBBy 
Mq/or,  Corps  of  Englnosrs, 
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DETAILED  STATEMENT  OV  EZPBNDITUBEB  FOR  BTTRVBT  OF  SAINT  FRANCIS  FRONT. 

August  2,  1882.    AUotment $4,000  OO 

Noyember  1, 1883.    Amount  expended  for— 

Labor $670  60 

Supplies 61  34 

Outfit. -A 590  OO 

Assistant  engineer 880  00 

Clerk 300  OO 

Stationery 19  75 

Freight .-.  93  17 

Traveling  expenses 106  60 

Office  pent ^ 66  00 

Subsistence 305  67 

Hireof  plant 120  00 

Total 13,212  93 

A.  M.  MILLRR, 
MdJoTy  CarpM  of  Eugiweri, 


K  1. 

ssport  of  joseph  burnet,  assistant  engineer,  on  oprrations  for  improyinq 

the  harbor  of  memphis. 

United  States  Engineer  Office, 

Memphis,  Tenn.,  JunedO,  1883. 

Major  :  I  have  tbe  honor  to  submit  my  annual  report  of  operations  for  improving 
Memphis  River  Front,  for  the  vcar  ending  June  30,  1883.  I  T^as  instructed  by  you 
to  take  local  charge  of  the  work  iu  October,  1882.  An  examination  of  the  mattress 
work  under  water  was  made  by  an  experienced  diver,  and  the  mattress  work  was 
found  in  a  fair  condition,  from  the  mouth  of  Wolf  River  to  the  foot  of  Jefferson 
Street,  with  the  exception  of  portions  of  tlio  front  near  the  cotton-shed,  Panola  oil 
mill,  and  Messrs.  Brown  &.  Jones'  coal-j^ard-  Considerable  difficulty  had  been  found 
with  this  portion  of  the  bank,  on  account  of  the  numerous  springs  and  public  and 
private  drains  keeping  the  bank  continually  wet  and  very  susceptible  to  wash  away 
oy  the  steamboat  waves. 

In  submitting  a  project,  it  was  recommended  that  this  portion  of  the  bank  should 
be  repaired  by  mattress  work,  and  the  whole  of  the  upper  bank,  from  Wolf  River  to 
the  elevator,  be  graded  to  a  slope  of  3  to  1,  where  it  could  be  done  wKhout  injury  to 
the  property  on  the  bank,  and  the  bank  thoroughly  drained,  the  dmins  being  car- 
ried out  to  extreme  low  water.  It  wao  estimated  that  this  work  would  cost  |l3,000. 
October  18,  1882,  active  operations  commenced ;  the  tug  Tilda  was  chartered,  the 
quarter-boat  fitted  up,  and  a  working  party  sent  about  25  miles  up  the  river  to  obtain 
Cottonwood  poles  and  willow  brush.  Mattress-ways  and  workmen's  quarters  were 
constructed  near  the  foot  of  Old  Hen  Island,  and  on  October  28  the  first  mattress  was 
sunk  in  front  of  the  lower  landing  of  the  cotton-shed.  Two  mats  were  sunk  at  this 
location;  three  in  front  of  the  Panola  oil  mills;  thirteen  were  sunk  from  Brown  Sl 
Jones'  coal-yard  to  the  elevatoi)  and,  by  request  of  the  city  authorities,  two  were 
sunk  in  front  of  Court  street.    Each  of  tne  mats  sunk  was  120  by  60  by  2  feet. 

Experience  in  the  work  shows  that  it  is  much  better  to  reduce  the  thickness  of 
mattress  and  j^reatly  increase  it  in  length  and  breadth;  but  on  this  portion  of  the 
river  front  this  cannot  be  done^  for  it  requires  the  taking  possession  oi  a  large  por- 
tion of  the  river  front  and  holding  it  for  some  time,  thus  preventing  the  steamboats 
from  using  the  bank  for  a  landing.  We  are  generally  at  work  during  the  busy  season, 
and  steamboat-owners  will  not  permit  us  to  keep  them  from  the  bank,  nor  will  the 
city  authorities  ^ve  us  possession  of  it.  We  are  compelled  to  construct  our  mats  some 
distance  up  the  river,  float  them  down  to  their  position,  and  sink  them.  This  does 
not  interfere  much  with  the  steamboats,  but  it  is  a  very  great  inconvenience  and 
expense  to  the  work,  and  the  bank  protected  is  not  done  in  such  a  substantial  man- 
ner as  if  the  matresses  were  constructed  in  long  lengths  in  the  location  where  they 
are  to  be  sunk. 

After  the  mattresses  were  all  sunk,  work  was  commenced  grading  the  bank ;  this 
work  was  intended  to  be  done  with  the  steam  hydraulic  grader;  but,  in  consequence 
of  the  number  of  steamboats  and  other  floating  property  using  the  bank  and  the 
number  of  buildings  upon  it,  it  would  have  been  very  inconvenient  and  attended 
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with  difflonlty ;  so  yoa  directed  the  work  should  be  doDe  by  laboiers  with  pick  and 
shovel.  This  is  yery  ezpensiye,  as  the  earth  has  to  be  handled  so  often  to  get  it  into 
the  river.  Fortunately,  the  river  oommenced  risin^^  and  we  Just  kept  oar  work  above 
It,  which  did  not  reanire  so  much  labor  as  if  the  water  had  been  at  a  low  stage. 

After  grading  the  oank  we  connected  all  the  public  and  private  drains  and  carried 
them  out  to  low  water  by  means  of  wooden  culverts.  We  then  laid  wire  upon  the 
grade<l  bank,  6  feet  apart  along  the  river  bank,  and  6  feet  apart  up  the  bank;  upon 
this  wire  we  placed  willow  brush  6  inches  thick,  and  then,  on  top  of  brush,  we  placed 
wire  same  as  below,  and  secured  same  to  the  lower  line  of  wire  by  connecting  wires, 
through  the  brush,  so  that  along  the  upper  bank  it  formed  one  large  mattress. 

This  work  was  done  from  tho  mouth  of  Wolf  River  to  the  elevator,  with  the  excep- 
tion of  a  portion  of  the  bank  in  navy-yard,  242  by  32  feet,  and  a  portion,  200  by  :iO 
feet,  in  front  of  Brown  &  Jones'  coal-yard.  After  the  willows  were  secured  to  the 
bank  they  were  well  ballasted  with  stone,  sand-bags  and  earthwork.  This  com- 
pleted the  work  in  a  snbHtautial  manner,  with  the  exception  of  the  work  noted  and 
within  the  amount  estimated. 

Operations  were  suspended  February,  1863,  and  the  plant  and  outfit  turned  over  to 
the  llopefield  Bend  works. 

During  the  time  we  were  at  work  we  had  very  favorable  weather  and  the  river  was 
at  a  good  working  stage ;  but  we  had  considerable  trouble  to  contend  with,  for  want 
of  a  sufficient  number  of  flat-boats,  and  considerable  delay  was  experienced  for  want 
of  stone. 

Immediately  after  the  suspension  of  operations  the  river  rose  and  covered  the  whole 
of  the  work,  the  gauge  reading  34.75.  Snortly  afterwards  the  water  fell  to  16.20,  when 
an  examination  of  the  bank  was  made  and  the  work  was  all  found  to  be  in  good  condi- 
tion, not  the  slighest  sign  of  a  break  or  crack  in  the  bank  appearing. 

SUMMARY  OF  WORK  DONE  DURING  SEASON, 

20  mattresses  sunk,  120  by  60  bv  2  fei  t. 
6,273  square  yards  of  willow  brush  shore  protection. 
13,700  cubic  vards  of  excavation  on  bank. 

362  feet  or  wooden  culverts,  2  by  2  feet,  built. 

AMOUNT  OF  MATERIAL  EXPENDED. 

2, 686  cords  of  willow  brush. 
5, 0,';0  cords  of  cottonwood  poles. 

70Q  oak  pins,  4  feet  long  by  1  inch  diameter. 
2, 100  oak  pins,  I  foot  long  by  f  inch  diameter. 
2, 7oO-i  inch  carriage  bolts. 
2, 900  pounds  wire. 
850  pounds  rope. 
1, 066  cubic  yards  stone.  ^ 

200  sand-bags. 
8r>  cubic  yards  cypress  bark. 
3,  li>4  feet  of  cypress  lumber. 
72  feet  of  6-inch  stone  pipe. 

1  have  the  honor  to  remain,  very  respectfully,  

Joseph  Burnet, 
AMiiitaiU  Engine&r. 
llij.  A.  M.  Miller, 

Corp$  of  Enginear$,  U.  8.  A. 

K2. 

gubport  of  w.  m.  rbb8,  a88i8tant  bnginebb,  upon  impboyement  of  mi6s|88ifn 
river  at  hofsfield  bend. 

Uhttbd  States  Enoinbbr  Office, 

MemphU,  Taim.,  November  1,  1883, 

Major  :  In  accordance  with  your  verbal  instructions,  I  have  the  honor  to  submit  a 
report  of  operations  for  the  improvement  of  the  Mississippi  River  at  Hopefield  Bend, 
Memphis  Iteach,  from  December  1,  1862,  to  October  31,  1R63. 

The  object  of  this  work  is  to  prevent  the  oavins  of  the  bank,  now  rapidly  taking 
-place,  and  which  threatens  injury  to  the  harbor  oiMemphis. 

A  comparison  of  the  survey  of  September,  1883,  with  that  of  December,  1677,  shows 
that  the  bank  in  the  middle  of  the  bend  has  receded  1,500  feet.  From  Auenst,  1662, 
to  September,  1883,  the  caving  was  300  feet  in  tho  middle  of  the  bend,  and  near  the 
foot,  iust  above  Hopefield,  it  wae  450  feet.  The  distance  across  the  neck  of  land  to 
the  river  below  is  now  about  13,000  feet.  To  arrest  this  caving  the  project  is  to  revet 
Tihe  bank  with  brush  mattresses,  these  mattresses  to  cover  the  bank  from  the  foot  of 
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the  slope  to  or  near  the  top,  and  to  be  held  in  place  by  atone  evenly  dietributed  over 
them. 

The  method  of  operations  comprised  three  parte : 

Ist.  The  revetment  of  that  portion  of  the  bank  below  the  water  sarfaoe  called  deep- 
water  mattresses. 

2d.  The  revetment  of  the  bank  above  the  water  snrface,  called  shore  protection. 

3d.  The  grading  of  the  bank  above  the  water  surface  to  a  suitable  dope  to  receive 
the  shore  protection. 

Methods  of  Construction. 

deep-water  mattresses. 

These  were  built  on  a  mattress  barge,  160  feet  lonj^  bv  30  feet  wide,  upon  which 
were  placed  18  skids  or  runways,  8  feet  apart,  these  skids  having  an  inclination  of  Z 
inches  to  one  foot.  * 

The  mattressfs  made,  were  the  ordinary  wattled  kind,  of  brush  and  poles,  similar  to- 
those  used  at  the  works  below  Saint  Lonis,  Mo.,  and  at  Plnm  Point,  having  cotton- 
wood  or  willow  poles  28  to  IM  feet  long,  of  diameters  not  less  than  3  inches  at  the 
smaller  end,  nor  more  than  6  inches  at  the  larger,  with  brush  not  less  than  24  feet  long^ 
and  two  inches  in  diameter  at  the  butts. 

The  polee  were  weU  spliced  together  with  spikes  and  wire,  one  pole  being  placed 
alongside  each  skid.  Around  these  poles,  or  weavers,  the  bmsh  was  woven  and  se- 
ourea  by  nails  and  wire.  As  these  mattresses  were  to  Ue  sunk  in  deep  water,  from  40 
to  70  feet  deep,  and  in  a  strong  cnrrei^t,  other  poles,  called  binders,  were  placed  over 
the  weaving  poles,  well  wired  to  them  and  spliced  together.  These  strengthened  the 
mattress  longitudinally  and  prevented  the  stone  from  rolling  off  when  sunk. 

When  short  brush  was  used,  in  order  to  strengthen  the  mattress  transversely,  nolea 
were  placed  in  the  direction  of  the  brush,  over  the  top  longitudinals,  and  wired  to  tnem^ 
and  the  weaving  poles  at  their  intersections.  They  were  spaced  from  8  to  40  feet 
apart  according  to  circumstances. 

The  np-river  end  of  the  mattress  was  held  to  a  mooring  barge  by  ten  1-inch  di- 
ameter ropes.  Two  ropes  1^  or  2  inches  in  diameter  were  securely  fastened  to  the 
mattress  by  means  of  a  pin  and  shackle  and  led  to  "  dead-men"  or  trees  on  shore ; 
both  ropes  passed  under  the  mooring  barge,  which  was  s^o  secured  by  two  or  more 
IskTgG  lincH  leading  to  the  shore. 

On  sinking,  a  barge  of  stone  was  placed  along  the  enter  edge  of  the  mattress, 
run- ways  of  plank  were  placed  from  this,  on  and  over  the  mattress,  and  the  stone 
evenly  distributed  thereon.  About  half  of  the  stone  used  on  the  mattress  was  placed 
in  this  manner.  More  stcmo  from  the  mooring  barge  was  then  thrown  on  the  upper 
end ;  when  a  considerable  strain  whs  produced  on  the  small  lines  attached  to  the 
mooring  barge,  they  were*slaf'1<ed  and  the  mattress  allowed  slowly  to  sink;  this  waa 
re])eated  until  the  upper  end  reached  the  bottom,  then  a  rock  barge  was  swung  over 
the  mattress,  being  guided  by  lines  held  on  the  mooring  barge  and  on  the  shore,  and 
stone  thrown  on  nntil  it  sank,  care  being  taken  to  distribute  the  stone  evenly. 

The  organization  of  the  mal tress  par^  is  as  follows:  one  sub-overseer  in  charge, 
three  master-laborers  having  charge  of  the  three  divisions  of  work,  viz.,  at  each  end 
and  in  the  middle  of  the  mattress  barge.  £ach  gang  consists  of  one  patcher,  O'le 
munler,  four  weavers,  five  platform  men,  and  three  brush  men ;  fourteen  in  all. 

The  brush  men  stand  on  the  barge  of  brush  which  is  lashed  alongside  of  and  below 
the  mattress  barge,  and  pass  the  brush  to  the  platform  men,  who  place  it  in  position 
on  top  of  the  way^,  then  the  weavers  push  it  down  into  place,  where  it  is  firmly  driven 
by  the  mauler.  The  patcher  repairs  any  openings  left  m  the  mattress  after  weaving. 
Five  wire  men  are  employed  on  the  mattress  to  put  on  binders  and  cross  poles;  one* 
water  carrier  is  employed.    The  total  force,  including  everybody,  being  62  men. 

UPPER  BANK  REVETMENT. 

This  was  constructed  as  follows :  After  the  bank  was  graded  to  the  proper  slope, 
strong  stakes  were  firmly  driven  in  the  ground,  about  8ieet  apart  longitudinally  ana 
from  4  to  8  feet  apart  transversely  to  the  bank.  A  No.  8  wire  was  then  placed  around 
the  stakes  longitudinally,  their  distance  apart  being  8  feet.  Around  this  wire,  at 
each  stake,  a  No.  12  wire  was  placed  and  twiKted  around  the  stakes  so  that  the  end» 
oonld  be  had  after  brush  was  placed  in  position :  this  was  to  be  used  to  tie  the  top 
and  bottom  wires  together,  thus  holding  the  brusn  in  place. 

A  layer  of  brush  was  now  placed  on  the  bank  transversely,  the  butts  up  the  bank 
and  the  tops  overlapping  the  *' deep-water  mattress."  On  top  of  this  a  longitudinal 
layer  was  placed,  and  over  all  a  No,  8  wire  was  stretched  transversely,  at  every  8- 
feet;  this  was  tied  to  the  ** deep-water  mattress ''  and  also  to  the  bottom  wire  at  each 
point  of  intersection.  The  whole  was  then  well  covered  with  stone.  Whenever  t  \n^ 
'' deep-water  mattress"  could  not  be  Joined  to  the  upper  bank  revetment  a  foot-mat- 
trees  was  built  to  cover  the  space ;  this  was  constructed  on  a  small  screen  barge,  aud^ 
was  similar  to  the  large/mattress  already  described. 
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GRADINO. 

In  order  to  revet  tbe  bank  above  the  low-water  line  it  was  necessary  to  grade  it  to 
a  soitable  slo^e  for  holding  the  brush  aud  stone.  During  the  first  part  of  the  work, 
fW>m  December  21,  1882,  to  January  31,  1883, 1  used  for  this  purpose  hydraulic  grader 
No.  2  of  the  Mississippi  Eiver  Commission.  This  was  loaned  us  b^  Capt.  J.  G.  D. 
Knight,  of  Plum  Point,  and  was  returned  to  him  shortly  after  the  high  water  closed 
our  work.  Before  again  resuming  work,  August  6,  16^,  we  obtained  a  small  pump 
boat  from  Capt.  W.  L.  Marshall,  of  Vipksburg,  Miss.,  and  with  the  latter,  work  ia 
now  being  done.    Both  will  bo  described. 

Hydraulic  grader  No.  2  consists  of  a  duplex  compound  condensing  plunger  pump 
built  by  the  Dean  Pump  Company  of  Holyoke,  Mass.  The  dimensions  are  as  follows: 
Diameter  of  low-pressure  cylinder,  36  inches ;  of  hi^h-pressure  cylinders,  18  inches ; 
diameter  of  plungers,  16  inches ;  length  of  stroke,  24  inches.  The  stroke  is  adjustable 
and  in  our  practice  was  kept  at  about  23  inches.  The  piston  speed  averaged  61ifeet 
per  minute,  giving;  a  theoretical  discharge  of  1,280  gallons  of  water  per  minute.  Thia 
pomp,  together  with  three  steel  boilers  of  40  horse-power  each,  was  placed  on  a  barge 
130  by  30  by  6  feet,  which  contains  sleeping  quarters  for  30  men.  Attached  to  the  de- 
livery pipes  of  the  pomp  is  a  boom  65  feet  long,  made  of.  lap-welded  wrought-iron 
tulM9s,  Joined  with  cast-iron  connections,  and  having  openings  at  various  points  to 
which  hose  can  be  attached.  This  boom,  with  a  double  sta^e,  overhangs  one  end  of 
the  barge^  and  can  be  raised  or  lowered  by  a  hoisting  engine  on  deck.  When  in 
position  for  work  the  boat  was  held  nearly  at  right  angles  to  the  bank,  with  the 
stage  resting  on  the  bank.  The  grader  had  not  been  run  oefore  we  received  it,  and, 
like  most  new  machinery  of  large  size,  some  time  was  lost  in  limbering  it  up  so  as  to 
work  smoothly.  Delay  was  also  caused  by  some  imperfections  in  the  machinery^  and 
its  erection,  resulting  in  the  breaking  of  a  guide-arm  to  slide-valve  rod,  the  piston 
rod,  and  afterwards  tappet  arm  of  condensing  pump;  in  the  settling  of  the  founda- 
tions of  large  pumps,  necessitating  the  building  under  them  of  two  additional  bulk- 
heads; and  in  the  small  drift  getting  under  the  pump  vidves,  thus  destroying  the 
suction.  The  latter  was  the  principal  cause  of  lost  time,  but  the  trouble  was  finally 
remedied  by  placing  ycty  fine  screens  over  the  ends  of  suction  pipes. 

The  organization  of  the  party  for  this  grader  was  as  follows:  1  assistant  engineer 
in  charge,  2  steam  engineers,  2  firemen,  1  foreman,  3  nozzlemen,  3  deck-hands,  1  cook, 
1  cabin  boy;  fourteen  men  in  all. 

Owing  to  the  wet  and  dirty  work,  the  foreman  and  nozzlemen  were  provided  with 
waterproof  suits  complete,  including  caps,  boots,  and  gloves. 

The  nozzle  was  supported  upon  a  stand  couBlsting  of  a  piece  of  gas-pipe  firmly 
driven  into  the  ground,  and  well  braced.  To  it  was  attached  a  piece  of  round  iron, 
about  one  foot  long,  which  passed  into  the  pipe.  This  formed  a  universal  swivel, 
the  whole  arrangement  bein^  light  and  quickly  removable.  A  long  lever,  clamped 
to  the  nozzle,  rendered  its  direction  easy,  so  that  a  large  stream  was  manipulated 
with  about  the  same  facility  as*  a  small  one. 

In  working,  the  nozzle  was  held  as  near  to  the  bank  as  practicable,  and  the  stream 
directed  against  it  at  angles  vaiying  from  4i°  to  nearly  90^^.  The  top  part  of  the 
bank  was  cut  first,  so  as  to  allow  the  water  to  always  flow  along  the  face  of  the  cut. 
After  a  short  experience  the  nozzlemen  had  no  trouble  in  holding  the  face.  The 
material  of  the  bank  was  hard  blue  clay  and  buckshot,  interspersed  with  layers  of 
softer  material  and  sand,  causing  the  banks  to  cave  in  steps. 

Three  sizes  of  nozzles  2,  If,  and  li  inch  diameters  were  used,  and  two  sizes  of  hose, 
viz,  4  and  2^  inches  diametm. 

After  repeated  trials  it  was  found  to  be  best  practice,  in  the  hard  material  worked^ 
to  use  large  nozzles,  largns  hose,  and  but  one  stream.  The  water  pressuretat  pump 
was  held  at  from  135  to  140  pounds  per  inch.  I  think  better  results  could  be  obtained 
by  using  still  larger  nozzles,  as  2(  |o  2^  inches  diameter.  Experience  in  softer  ma- 
terials and  sand  uiows  beet  results  from  smaller  nozzles  and  two  streams. 

The  grader  now  used  consists  of  a  Dayton  cam  piston  pump  of  the  following  di*^ 
mensions : 


Diameter  of  steam  cylinder 16^ 

Diameter  of  water  cylinder 9 

Length  of  stroke 18 

Supplied  by  a  boiler  of  dimensions  as  follows:  20  feet  long,  42  inches  diameter  of 
shell,  having  two  14-inch  flues.  The  whole  is  mounted  on  a  barge  100  by  16  by  3^ 
feet.  The  suction  pipe  is  6  inches  in  diameter,  and  the  discharae  is  through  from  100 
to  150  feet  of  3-inch  six-ply  test  hose,  with  nozzle  of  li  to  If  inch  diameters,  the 
larger  nozzle  giving  at  date  the  best  results.  The  theoretical  discharge  is  at  date 
396  gallons  per  minute,  the  speed  being  80  single  strokes. 

The  party  operating  this  grader  is  as  follows :  One  steam  engineer,  one  foreman,  one 
fireman,  tlu:ee  nozzlemen,  and  one  deck-hand ;  seven  in  all. 
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Dnrinji^  tho  month  of  September,  18R3,  T  was  obliged  to  keep  water  pieesnre  down 
on  accouut  of  the  iuferior  quality  of  the  hose;  since  then,  with  new  6-ply  test  hose,  I 
have  bad  ou  the  pump  a  pressure  of  240  pounds  to  the  inch. 

With  grader  No.  2  the  slope  cut  was  3  to  1  from  the  water  edge  to  the  top  of  the 
bank.  As  the  working  capacity  of  the  small  grader  was  so  much  less,  I  have  been 
obliged  to  grade  to  a  greater  slope,  viz.  2  to  1  and  2^  to  1,  being  governed  by  nature 
of  material,. quantity  to  be  removed,  &o.,  and  also  to  leave  a  vertical  face,  varying 
with  the  material,  of  from  6  to  12  feet.  Under  the  head  of  ''work  done''  will  be 
found  tables  of  results  obtained  with  both  graders. 

WORK  DONS  TO  NOYBMBER  1,  1883. 

Preparations  for  commencing  the  work  were  made  ou  December  6, 1882,  by  erectinff 
quarters  for  the  accommodation  of  100  laborers,  upon  the  bank  near  the  upper  end  of 
the  work,  and  by  employing  a  small  force  to  clear  the  bank  of  timber  and  brush. 
The  entire  length  of  the  bend,  a  distance  of  over  two  miles,  was  cleared  to  an  average 
width  of  75  feet.  Many  larce  trees  had  fallen  oyer  the  bank  into  the  water,  thus 
forming  obstructions  to  the  placing  of  mattresses.  Your  attention  being  called  to 
this,  you  obtained  the  United  States  snae-boat  H.  G.  Wright  to  remove  them. 
Between  December  7  and  14,  18ti2,  she  cleared  about  i  mile  of  the  bend. 

On  December  8,  the  steamer  Emma  Etheridge  delivered  the  following  plant: 
Hydraulic  grader  No.  2,  two  mattress  boats,  one  machine-shop  boat,  one  screen-boat, 
and  one  barge  of  coal. 

Preparations  were  at  once  made  to  start  the  grading,  which  was  begun  on  Decem- 
ber 21,  at  which  date,  the  quarters  being  finished,  I  commenced  subsisting  the  men. 
Owing  to  the  non-arrival  of  barges  and  quarter-boats  for  the  brush  party,  the  work 
of  buUdinir  mattresses  was  not  l^gnn  until  January  16, 1883,  at  which  date  Assistant 
Engineer  Joseph  Bumey,  who  had  charge  of  the  work  uf  protecting  Memphis  Har- 
bor, commenced  supplying  me  with  brush.  I  obtained  poles  from  bank  clearing, 
and  others  by  sending  a  party  several  miles  up  the  river,  they  returning  to  the  works 
at  night. 

From  December  29,  1882,  to  January  15,  188^  the  United  States  snag-boat  Jno.  R; 
Meigs  was  employed  to  tow  willows,  &c.,  to  the  works.  At  the  latter  date  the  char- 
tered tow-boat  H.  M.  Graham  arrived  and  took  the  place  of  the  Meigs. 

MATTRB88  CONSTRUCnOK. 

The  construction  of  '' deep-water  mattress"  was  begun  at  Mound  City  ferry-boat 
landing  on  January  16,  1883,  and  continued  until  February  10;  during  which  time 
1,127  lineal  feet  of  mattress,  140  feet  wide,  was  constructed  and  sunk;  194  by  25  feet 
of  foot-mattress  and  194  by  16  feet  of  shore-protection  were  also  completed. 

The  mattresses  sunk  were  four  in  number  and  from  256  to  298  feet  lon^ ;  it  being 
considered  advisable  to  make  short  mattresses,  on  account  of  the  ra^idly-nsing  water 
and  the  great  amount  of  drift  running,  much  of  which  lodged  against  the  mooring 
barge  and  caused  a  very  heavy  strain  on  the  lines  attached  to  it  and  to  the  mattress. 
The  intention  was  to  lap  the  mattresses  by  about  15  feet ;  but  when  sunk,  owing  to 
the  drift  pressure,  gaps  of  this  distance  were  found  in  two  places  instead  of  laps. 
There  was  used  in  the  construction  of  the  above  840.5  cords  of  brush,  105  cords  of 
poles,  2,534  pounds  of  wire,  80  pounds  of  rope,  1,950  pounds  of  wrought  spikes,  200 
I)Ounds  nails,  585  cubic  yards  or  stone,  and  4.300  gunnjr-sacks.  The  latter  were  used 
to  sink  mattress  No.  3,  which  was  298  by  140  feet  in  size ;  each  sack  was  filled  with 
about  120  pounds  of  buckshot  clay,  the  total  weight  being  equivalent  to  the  weight 
of  214  cubic  yards  of  stone.  They  cost  when  filled  and  loaded  on  barges  about  9 
cents  eac^. 

The  depth  of  water  in  which  mattresses  were  sunk  was  from  40  to  70  feet. 

During  the  first  ten  days  in  February,  1883,  the  work  was  much  retarded  by  bad 
weather.  The  water  having  risen  fh>m  7.50  feet  on  the  Memphis  gauge  on  January 
16,  to  23.30  feet  on  February  10,  work  was  suspended  on  the  latter  date,  the  water 
being  then  on  a  level  with  the  bank  upon  which  quarters  were  located,  and  necessi- 
tating their  removal. 

The  grading  of  the  bank  was  begun  December  21, 1882,  and  continued  nntil  January 
31, 1883,  when  work  was  suspended  on  account  of  high  water.  During  this  time  there 
was  graded  1,793  linear  feet  of  bank ;  42,067  cubic  yards  of  earth  removed,  at  a  cost 
of  94  cents  per  linear  foot,  or  4.03  cents  per  cubic  yard.  Table  I,  annexed  to  this 
report,  will  show  in  detail  the  work  done. 

On  February  28,  the  tow-boat  H.  M.  Graham  was  taken  to  Cairo. 

From  February  10  to  Anf;ust  6,  1883,  no  construction  work  was  done,  the  water 
being  too  high.  During  this  time  a  small  force  of  mechanics  were  employed  in  get- 
ting barges,  quarter- boats,  dtc,  in  readiness  for  this  season's  work. 

Ou  July  15, 1  received  your  verbal  orders  to  prepare  to  resume  work.  The  tow- 
boat  Graham  arrived  on  the  17th  and  was  put  in  commission  on  the  20th. 

A  quarter-boat  for  brush  party  was  at  once  fitted  up  and  turned  over  to  Joseph 
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Barney,  United  States  Assistant  Engineer.  This  party  besan  work  July  26,  on  Dean's 
Island,  about  S5  miles  above.  I  received  from  them  the  &st  barge  of  brush  on  Aus- 
nst  2,  and  began  the  construction  of  mattresses  on  August  6.  After  constructing  4So 
linear  feet  of  mattress  I  deemed  it  expedient  to  sink  it,  as  considerable  drift  had  ac- 
cumulated above  the  mooring  barge,  and  much  of  it  was  getting  under  the  mattress. 
Subsequently  lengths  of  mattresses  were  increased  to  900  and  1,000  feet.  No  trouble 
being  met  in  sinking  mattresses  of  this  length,  it  was  decided  (September  29)  to  con- 
struct continuous  mattresses.  The  mattress  now  being  buUt  is  2,150  long,  1,580  feet 
of  which  has  been  sunk.  No  trouble  whatever  has  b^n  met  in  sinking  j»art  of  the 
mattress  and  keeping  part  afloat,  nor  do  I  apprehend  any  except  from  drift,  in  which 
case  mattresses  will  nave  to  be  broken  off  and  sunk  when  the  drift  causes  excessive 
strain. 

One  willow  party  being  insufficient  to  supply  us,  quarters  for  70  men  were  erected 
on  a  barge,  and  a  second  party  sent  out  on  September  17.  The  wat^r  being  too  low 
for  the  tow-boat,  both  parties  were  withdrawn  from  Old  Biver,  west  of  Centennial 
Island,  on  September  24,  and  placed  in-  the  main  river,  where  brush  was  scarce,  and 
at  a  great  distance  from  the  nver. 

By  October  15  the  river  rose  sufficiently  to  permit  entrance  to  Old  Biver,  and  both 
brush  parties  were  moved  there. 

Being  short  of  brush,  I  organized  a  third  party,  and  placed  them  on  ''Old  Hen 
Island,^'  Just  opposite  the  work.  They  ore  supplying  at  date  60  cords  per  day,  our 
total  requirements  being  about  200  cords  per  day. 

Owine  to  short  supply  of  brush,  no  shore  worK  was  done  until  October  2,  although 
a  consicterable  portion  of  the  bank  had  been  staked  out  and  wired  ready  to  have  the 
brush  placed  in  position. 

On  Auff  ust  17  the  snag-boat  John  B.  Meigs  began  work  in  clearing  the  bend  of 
snags.  She  finished  on  October  11,  having  removed  five  hundred  and  forty-one 
snags  and  ten  rack  heaps.    Two  men  were  lost  by  falling  overboard. 

On  September  24  a  small  flat,  loaded  with  600  bushels  of  coal,  was  struck  by  a  large 
drift  1(^  and  sunk. 

The  following  tables  will  show  you  the  work  done  in  detail: 

Tabu  No.  1— HYDBAUIJC  GBADBB  No.  2. 
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Tabls  No.  2.— DAYTON  CAM  PUMP. 
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Mattress  work  done  is  as  follows: 

Mattress  No.  1,  sunk  January  23,  1883 S98'xl40' 

Mattre88No.2,sunk  January  27,  1883  ....' ar.VxliC 

Mattress  No.  3,  sunk  February  3,  1883 298'X140' 

Mattress  No.  4, suuk  February  10,  1883 256'Xl40' 

1127' X 140' 

Mattress  No. 5, sunk  August  11,  1883 493'X140' 

Mattress  No. 6, sunk  August  23,  1883 850'X140' 

Mattress  No. 7, sunk  September  4,  1883 d52'xl40' 

Mattress  No. 8,  sunk  September  15,  1883 leS'xMC 

Mattress  No.  9,  sunk  September  28, 1883 1032'X140' 

MattressNo.  10,  sunk  October 23, 1883 1580'xl40' 

Mattress  No.  10,  afloat 670'xl40' 

6402'X140' 

Total  amount  of  deep  mattress  made .- 7529^x140' 

Total  amount  of  deep  mattress  sunk 6959'xl40' 

In  addition  to  this  there  was  made  and  sunk  a  mattress  100  by  300  feet  to  oover  a 
cave  in  bank  between  mattresses  Nos.  3  and  4,  due  to  their  not  lapping. 

At  date  (November  1)  6,700  linear  feet  of  bank  is  covered  by,  *' deep-water  mat- 
tresses," and  4,100  linear  feet  by  ''upper-bank  protection."  The'  total  revetment  it 
120,918  square  yards. 

In  preparing  for  work,  the  following  (mostly  heavy)  timber  was  cleared  from  the 
bftnk: 

AOKS. 

From  December,  1882,  to  February,  1883 16 

From  August,  1883,  to  November  1, 1883 9 

Total  clearing 25 

Table  showing  material  used  in  eonetruetian. 
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I  have  on  hand  the  following  plant,  viz : 

One  quarter  boat,  130  by  S5  feet,  capacity  180  men. 

One  quarter-boat,  100  by  20  feet  (double-decked),  capacity  120  men. 

One  quarter-boat,  90  by  20  feet,  capacity  60  men. 

One  quarter-boat,  82  by  18  feet,  capacity  80  men. 

One  quarter- boat,  80  by  18  feet,  capacity  24  men. 

One  quarter-boat,  60  by  16  feet,  capacity  30  men. 

Five  small  flats  used  in  construction. 

Four  screen-barges,  100  by  25  feet. 

Two  mattress-ways,  160  by  30  feet. 

One  hydraulic  grader-boat,  100  by  16  feet. 

One  machine  shop,  130  by  24  feet. 

One  decked  barge,  130  by  24  feet. 

Twenty-three  decked  barges,  100  by  25  feet. 

One  decked  barse,  100  by  18  feet. 

Thirty-nine  skins. 

very  respectfully,  your  obedient  servant, 

W.  M.  RE88, 
United  Btatm  AeeUlant  Bmginetr* 
M%].  A.  M.  Miller, 

Gerpe  of  Mngineere,  V.  S.  A, 


APPENDIX  T  T — ^BEPOBT  OF  MISSISSIPPI  SIVEB  COMMISSION.      2803 

SIPOfiT  OF  V.  8.  BXTRROWBSy  ASSISTANT  XNGDnEXRi  UPON  A  SURVST  OV  THB  MIS8Z8- 
BXm  RIVER  Ilf  THX  TICINITT  OF  MEMPHIS. 

United  States  Engineer  Office, 

Memphis,  Tenn,,  March  12, 1883. 

Captain:  I  have  the  honor  to  Bnbmit  the  following  report  upon  the  snrvey  of  the 
MiSBiamppi  Biver,  in  the  vicinity  of  Mepiphis,  made  under  your  instructions  during 
thepast  year. 

The  survey  was  begun  May  5,  1882,  under  the  direction  of  your  predecessor,  Maj, 
W.  H.  H.  Benyaurd,  Corps  of  Engineers,  United  States  Army,  and  at  that  time  was 
intended  to  include  only  that  portion  of  the  river  from  Mound  City  Landing  to  the 
head  of  President's  Island,  a  distance  of  7  miles.  Ten  dsys  after  field  work  was  dis- 
continued, for  the  time  being,  on  account  of  high  water,  and,  owing  to  the  long  con- 
tinuance of  the  same,  was  not  recommenced  until  by  your  orders,  on  Au^^st  1.  The 
work  on  this  portion  was  then  pushed  slowly  forward ;  the  party  consisting  of  myself 
and  three  men  only,  as  on  account  of  a  lack  of  funds  available  at  that  time  economy 
was  necessary. 

In  the  latter  part  of  August,  as  you  were  informed  that  an  allotment  had  been  made 
for  the  completion  of  the  survey,  the  party  was  increased  by  the  addition  of  a  transit- 
man  and  several  skiffmen,  and  the  work  further  facilitated  by  the  use  of  the  steam- 
launch  Daphne. 

About  the  time  of  the  completion  of  the  survey,  as  originally  projected,  I  received 
your  orders  to  continue  it  up  the  river  to  the  foot  of  Island  No.  40,  an  additional  dis- 
tance of  7^  miles,  and  soon  afterwards  received  your  further  instructions  to  extend  it 
down  the  river  to  Scanlan's  Landing,  a  distance  of  lb%  miles,  making  a  total  lensth  of 
survey  along  the  main  channel  of  30  miles,  and  reaching  from  tbe  foot  of  Island  ^o.  40, 
11^  miles  above  the  foot  of  Jefferson  street,  Memphis,  to  Scanlan's  Landing,  18^  miles 
below  the  same  point.  This  constitutes  the  survey  as  finally  completed,  and  I  will 
therefore  consider  it  as  a  whole. 

As  there  had  been  a  very  complete  survey  of  almost  the  entire  portion  of  this  reach 
of  river  made  in  1877-78,  under  the  direction  of  Lieut.  Col.  C.  B.  Comstook,  Corps  of 
Engineers,  United  States  Army,  the  primary  object  of  the  present  resurvey  was  to 
ascertain  the  changes  in  the  bed  and  banks  since  that  time;  that  is,  the  location  and 
amount  of  the  erosion  of  the  banks,  the  accretion  or  formation  of  bars,  and  the  scour 
or  fill  of  the  bed  of  the  stream. 

METHOD  OF  MAKING  SUBVET. 

A  complete  trianffuIation*of  the  reach  having  been  made,  both  under  the  direction 
of  General  Comstock  and  by  the  Coast  and  Geodetic  Survey  (the  notes  of  which  were 
furnished  this  office),  and  as  most  of  their  points  were  still  intact  it  was  not  deemed 
necessary  to  make  an  entirely  new  trigonometrical  survey.  Both  for  economy  of  time 
and  in  order  to  make  a  more  exact  comparison  with  tbe  previous  survey,  those  old 
points  which  were  found  to  be  in  good  order  were  used  in  the  new  survey,  and  the 
ones  which  had  been  destroyed  and  were  necessary  to  insure  the  accuracy  of  the 
work  were  replaced. 

The  bank  and  bar  lines  between  the  trian^ulation  stations  were  determined  by 
stadia  measurements,  as  were  also  the  sounding  stations.'  Soundings  were  located 
by  intersections  from  two  transits  on  shore,  usually  placed  on  the  bar  or  convex  side 
of  tbe  river,  so  aa  to  give  the  best  angles  of  intersection. 

Several  methods  of  making  soundings  were  tried  and  the  one  most  ^nerally  used  was 
adopted  as  giving  the  greatest  number  in  a  given  time.  A  skiff,  with  three  oarsmen, 
a  leadsman,  and  a  recorder,  was  rowed  Rapidly  back  and  forward  across  the  stream 
and  the  lead  cast  ^very  half -minute.  Everjr  second  sounding  being  located  by  the 
transitmen  sighting  on  a  flag  raised  and  quickly  lowered  by  the  recorder  at  the  in- 
stant of  sounding.  In  order  to  keep  a  check  on  the  numbers  the  flag  was  quicklv 
raised  and  lowered  twice  at  every  fifth  sounding,  and  such  double  flag  noted  by  both 
transitmen  and  recorder.  On  account  of  its  too  great  draught  the  steam-launch  was 
found  to  be  of  very  little  utility  in  the  actual  taking  of  soundings  at  a  low  stage  of 
water.  It  was,  however,  used  to  a  considerable  extent  in  the  immediate  vicinity  of 
Memphis,  the  soundings  over  this  portion  being  taken  in  longitudinal  linea  The  lead 
was  cast  but  once  for  each  line  and  the  lanncn  and  lead-line  kept  drifting  together. 
Soundings  were  taken  every  fifteen  seconds  and  every  fourth  sounding  located.  This 
method,  without  doubt,  gives  the  most  accurate  results,  but  was  abandoned  on  ao- 
Gount  of  the  great  length  of  time  consumed. 
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THX  CHARTS. 

The  map  of  the  river  Bubmitted  herewith  conaiBts  of  four  charts,  made  to  a  scale  of 
1 :  lOyOOOy  nnmbered  from  one  to  foar,  Iteginning  at  the  foot  of  Island  No.  40.  As  prob- 
ably the  best  method  of  describing  the  reach  sorveyed,  I  will  take  np  the  charts  in 
numerical  order,  and  consider  them  separately. 

Chart  No,  1  extends  from  the  foot  of  Island  No.  40  to  Monnd  City  Landing,  a  distance 
along  the  channel  line  of  7i  miles.  Of  this  portion  of  the  river,  only  that  part  had 
been  previously  plotted  by  the  ^'Comstock  survey"  between  the  head  of  Old  Hen 
Iriand  and  Mound  City  Landing.  Heavy  caving  is  shown  to  have  taken  place  on  the 
head  of  Old  Hen  Island,  and  the  bar  below  has  kept  movine  down  the  river,  following 
the  rapid  caving  in  of  Hopefield  Bend.  Above  Mound  City  Landing,  the  cavins  on  the 
right  bank  since  the  ''  Comstock  survey  "  is  inconsiderable.  Above  the  head  of  Old 
Hen  Island,  the  previous  survey  was  made  under  the  direction  of  the  Mississippi 
River  Commission,  in  1679-^80.  As  tiieir  maps,  plotted  to  a  large  scale,  have  not 
been  furnished  this  office,  I  have  not  been  able  to  place  their  shore-lines  on  the  new 
maps.  Throughout  the  reach  of  river  on  this  chart,  the  width  between  bank  lines  is 
excessive,  varying  from  3,000  to  6,000  feet;  but,  at  the  stage  to  which  the  chart  is 
plotted,  the  widths  of  the  water-way  are  as  follows:  3,000  feet  at  foot  of  Island  Forty, 
thence  contracting  to  2,000  feet  in  next  three  miles,  and  again  widening  to  5,000  feet 
at  head  of  Old  Hen  Island. 

The  soundings  and  shore-lines  on  this  chart  are  reduced  and  plotted  to  a  stage  of 
water  which  corresponds  to  a  reading  of  11.4  feet  on  the  Memphis  gauf^e. 

Chart  No.  2  extends  from  Mound  City  Landin^^  to  the  head  of  Fresident's  Island, 
a  distance  along  the  channel  line  of  7  miles,  and  includes  the  river-front  and  harbor 
of  Memphis. 

The  most  noticeable  change  shown  to  have  taken  place  on  this  portion  of  the  river 
is  the  heavy  caving  above  Hopefield,  extending  from  Mound  City  Landing  to  Hope- 
field,  and  amounting  to  a  maximum  cutting  of  1.200  feet,  in  the  middle  of  the  beud, 
since  the  survey  of  1877-78.  Bapid  caving  is  also  taking  place  on  the  left  bank  above 
Wolf  River.  This  cavins,  by  comparison  of  more  recent  surveys,  seems  to  be  tncreas- 
ing  in  rapidity.  Gradual  caving  is  also  shown  to  have  taken  place  on  the  river-front 
of  Memphis,  above  Jefferson  street.  This  portion  of  the  front  has  been  partially  re- 
vetted during  the  past  four  or  five  years,  and  the  caving  thereby  stopped,  or  at  least 
checked,  as  considerable  caving  of  the  top  bank  has  taken  place  during  the  past  year, 
which,  although  not  showing  largely  on  this  map,  is  of  considerable  importance  on 
account  of  the  value  of  the  property  affected. 

The  water-way  in  front  or  Memphis  and  in  a  part  of  Hopefield  Bend  is  contracted 
to  a  width  of  only  1,600  or  1,800  feet,  at  the  stage  of  water  to  which  the  chart  is  plot- 
ted. This  chart  also  shows  the  sweep  of  the  bend  opposite  Memphis  and  the  course 
of  Four-mile  Bayou,  extending  almost  across  it.  The  shortest  distance  through  this 
bend  is  13,600  feet. 

The  soundings  and  shore  lines  on  this  chart  are  reduced  and  plotted  to  a  stage  of 
water  which  corresponds  to  a  reading  of  11.4  feet  on  the  Memphis  gauge. 

Chart  No.  3  includes  the  whole  of  Fresident's  Island^  and  shows  the  main  channel 
and  chute  on  either  side  of  it.  The  nearly  equal  division  of  the  low-water  discharge 
of  the  river  at  the  head  of  the  island  has  apparently  been  the  cause  of  shoaling 
and  contracting  the  low- water  channel  of  the  main  river  along  ils  north  and  west 
sides. 

Between  the  mouth  of  Four-mile  Bayou  and  Lake's  Landing,  the  width  of  the 
water-way,  at  the  stage  to  which  the  chart  is  plotted,  is  only  1,300  feet.  Below 
Lake's  Landing  it  widens  out,  but  becomes  shoal,  and  by  the  formation  of  a 
middle  bar,  one  mile  above  Rowley's  Landing,  the  actual  available  channel  is  con- 
tracted to  600  feet,  and  maintains  this  width  for  2,000  feet.  The  clear  biffh-water 
width  of  the  main  river  averages  from  4,000  feet  to  5,000  feet,  exclusive  of  tne  chute 
between  President's  and  Vice-President's  Islands. 

The  principal  caving  shown  to  have  taken  place  in  this  portion  of  the  main  river 
extends  from  the  head  of  the  Apperson  plantation  to  Jones's  Landing,  where  there  has 
been  an  average  cutting  of  nom  400  feet  to  500  feet,  for  a  distance  of  10,000  feet. 
Caving  has  also  taken  place  immediately  above  Lake's  Landing,  averaging  200  feet 
in  wioth  by  one-half  mile  in  length,  and  from  the  mouth  of  Four-mile  Bayou,  up- 
stream, there  has  been  an  average  caving  of  150  feet  for  a  distance  of  a  mile. 

The  chute  to  the  east  and  south  of  President's  Island  has  a  very  uniform  width 
between  bank  lines,  varying  only  from  2,000  to  2,200  feet.  At  low  stages  its  width 
in  the  bend  is  contracted  by  a  bar  to  1,200  feet,  and  a  middle  bar,  or  roef,  also 
obstructs  the  upper  end  of  the  chute,  for  a  distance  of  about  a  mile.  From  the  lack 
of  necessary  tools  and  appliances  for  making  the  examination  I  was  not  able  to 
Judge  of  the  nature  of  the  material  of  which  this  reef  is  composed ;  but  the  bottom 
of  uie  whole  upper  portion  of  the  chute,  as  indicated  merely  oy  the  feel  and  effect 
upon  the  sounamg-lead,  seems  to  be  of  a  hard,  gravelly  nature.    From  the  foot  of 
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*  the  bluff,  at  the  head  of  the  chate,  a  reef  of  ferraginoiis  sand-rock  lata  into  the  stream, 
showing  at  a  stage  about  10  feet  above  low  water;  and  this  mid^e  bar  may  xKMeibly 
be  of  the  same  nature.  lu  this  connection,  from  the  report  of  Assistant  Engineer 
£.  H.  Wilson  to  the  secretary  of  the  Mississippi  River  Conmiission  (June,  1881),  I  find 
the  following  information  concerning  the  nature,  depth,  and  probable  location  of 
this  rock.  At  boring  No.  1,  located  at  the  foot  of  the  bluff,  about  three-fourths  of  a 
mile  below  the  head  of  the  chute,  ferruginous  sandstone  stopped  further  progress  at  a 
depth  of  107.4  feet  below  the  top  of  the  bluff,  which,  according  to  nis  diagram, 
would  be  about  on  a  level  with  the  low  water  of  1872. 

In  describing  this  boring  Mr.  Wilson  says :  ''  The  sand  rock  which  stopped  the  pro- 
gress of  the  boring,  it  seems,  is  here  of  unusual  extent,  appearing  above  the  water  at 
K>w  stages  of  the  river  some  distance  from  the  bank,  which,  wasning  away  the  over- 
lying material,  has  been  unable  to  remove  the  rock.  *  *  *  It  seems  possible  that 
the  submerged  bar  which  extends  from  this  point  to  the  head  of  President's  Island, 
may  be  an  extension  of  this  sandstone  layer." 

With  the  exception  of  the  middle  bar  referred  to,  I  did  not  find  any  shoal  of  a  pos- 
sible rocky  formation  in  the  stream,  which  would  appear  above  the  water  at  its  lowest 
stage.  At  two  points  in  the  chute,  where  some  disturbing  elements  on  the  bottom 
(claimed  by  some  to  be  rock  reefs)  have  caused  large  boils  on  the  surface,  there  was 
found  not  lees  than  19  feet  of  water  at  the  stage  sounded— 6.5  feet  on  the  Memphis 
gauge. 

The  supposition  as  to  the  rocky  nature  of  the  middle  bar  may,  very  likely,  be  cor- 
rect ;  but  a  thorough  examination  is  necessary,  in  order  to  establish  it  as  something 
more  than  a  mere  hypothesis. 

The  distance  through  the  chute  is  li  miles  shorter  than  by  way  of  the  main  river 
at  low  stages  of  water ;  the  length  of  the  main  channel  being  7f  miles,  and  by  way 
of  the  chute,  6^  miles. 

The  principal  caviuff  shown  to  have  taken  place  in  the  chute  is  at  the  head  of  Presi- 
dent's Island,  where  there  has  been  an  average  cutting  of  firom  200  feet  to  500  feet  for 
a  distance  of  a  mile ;  and  also  on  the  foot  of  the  island  averaging  300  feet  in  width 
by  one-half  mile  in  length.  Slighter  caving,  varying  from  50  feet  to  100  feet  in  width 
by  two  miles  in  length,  has  also  taken  place  on  the  Tennessee  shore  below  Nonoonnah 
Creek. 

The  soundings  and  shore  lines  on  this  chart  are  reduced  and  plotted  to  a  stage  of 
water  which  corresponds  to  a  reading  of  6.5  feet  on  the  Memphis  gauge. 

Chart  No.  4  extends  from  the  foot  of  President's  Island  to  Bcanlan's  Landing,  a  dis- 
tance along  the  channel  of  8  miles. 

The  width  of  the  river  between  banks  throughout  almost  the  whole  of  this  reach 
is  very  excessive,  being  from  5,000  to  6,000  feet. 

From  Reeves'  Landing  to  Harris'  Landing,  where  the  width  from  bank  to  bank  is 
6.000  feet,  a  middle  bar  has  formed,  which,  at  low  water,  divides  the  river  into  two 
cnannels,  both  of  which  are  navigable  for  small  boats  of  light  draught,  the  one  on  the 
right,  however,  being  the  main  channel  and  the  only  one  through  which  large  boats 
can  pass  with  any  degree  of  safety. 

The  bars  at  Hampton  and  Scanlan's  Landing  have  been  found  to  be  greatly  in- 
creased in  size  and  are  gradually  moving  down  stream.  The  width  of  water-way  of 
the  main  channel,  as  contracted  by  the  bars  at  the  stage  of  water  at  which  the  survey 
and  map  were  made,  is  2,600  feet  at  Ensley's  plantation,  4,000  feet  at  Hampton  Land- 
ing, 1,700  feet  at  Reeves'  Landing,  keeping  about  this  width  to  Harris'  Landing,  then 
widening  to  5,000  feet  on  the  crossing  below,  but  soon  contracting  again  to  2,^  feet 
and  keeping  about  this  width  to  near  Scanlan's  Landing. 

The  principal  caving  found  on  this  reach  is  at  the  following  points :  Between  Reeves^ 
and  Harris'  Landing  where,  for  a  distance  of  4,000  feet,  there  nas  been  an  average  cut- 
ting of  300  feet ;  below  Fleece's  plantation,  where  there  has  been  a  cutting  of  WO  feet 
to  400  feet,  a  distance  of  3,600  feet ;  and  on  the  head  of  the  old  Cow  Islands,  where 
the  «aving  has  been  from  200  feet  to  600  feet  in  width,  by  a  mile  in  length. 

Slight  and  inconsiderable  caving  has  also  taken  place  on  the  lower  end  of  Ensley's 
plantation,  between  Horn  Lake  and  Collins'  Landings,  and  below  Scanlan's  Landing. 

The  soundings  and  shore  lines  on  this  chart  are  reduced  and  plotted  to  a  stage  of 
water  which  corresponds  to  a  reading  of  6.5  feet  on  the  Memphis  gauge. 


8LOPB  OF  THB  BIYBB. 


:au^e  record  was  kept  at  that 
■ '     by  means  of  the 


While  the  party  was  at  Hampton  Landing,  a  daily  gauge  record  wi 
point,  the  zero  of  the  gauge  bemg  connected  with  that  at  Memphis,  b;^ 
levels  of  the  "  Corastock"  survey.  In  the  following  table  are  given  the  daily  gauge 
readings  at  both  points  firom  November  30  to  December  13,  the  zero  of  the  Hampton 
gauge  being  reduced  to  the  same  level  as  that  at  Memphis.  The  daily  differences  in 
levd  and  sfope  per  mile  are  also  given.  Taking  fh>m  tnia  table  0.5308  foot,  the  aver- 
age dope  per  ndHCf  aod  multiplying  by  7f  miles  (the  distance  arouad  Presidenf  ■ 
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Idftnd  hy  way  of  the  main  cbannel),  we  f^et  3.8483  feet  as  the  diffeienee  In  1eT«l 
between  the  head  and  foot  of  the  island;  and,  dividing  this  by  6^  miles,  the  distance 
through  t^e  ohnte,  gives  0.6920  feet  as  the  average  slope  per  mile  through  the  ohnta. 

Table  of  $hpei. 


Gftnfce  readings. 


Konphis. 


Rsinptoii 


Diet. 


DURsraiMW 
InleveL 


Slops  p« 


1881 

l^oTemberSO 

December  1 

Deeenber  S.a«..*««»*i> 

Beeember  8 

December  4 

December  6 

Deeenber  6  ....••■•••■* 

December  7 

December  8 

December  8 

December  10 

December  11 

December  12 

December  18 


Jtet 

JWt 

6.85 

^.24 

&80 

-41.24 

&25 

*-0.26 

6.30 

-a  81 

6.80 

-0.81 

&40 

-0.26 

&40 

—0.26 

6.46 

-0,81 

&60 

—0.26 

6.80 
6.60 

.-0.00 
--0.00 

6.60 

—0.11 

6.25 

-0.31 

6.00 

-0.71 

Mttea. 

12, 
12 
12 
12 
12 
12  r 
12  r 
12 
12  f 
Wf 
12  r 
12  r 
12  f 
l3 


reet 
6.69 
&64 

6.61 
6.61 
6.61 
6.66 
6.66 
6.76 
6.86 
6.71 
&5I 
6.61 
6.66 
&71 


€16278 
0.6282 
a5208 
a6288 
0.6288 
0.6888 
0.6388 
0.5408 
a6l88 
0.6868 
0.6808 
0.6288 
0.6248 
0.6868 


DI8CHAROB  OBSEBVATiqirS. 

In  order  to  ascertain  the  relative  amounts  of  water  passing  on  either  side  of  Presi- 
dent's Iidand,  dlBcharge  observations  were  taken  in  both  the  chnte  and  main  river,  a 
short  distance  below  uie  head  of  the  island,  on  the  following  days,  December  29  and 
31, 1862,  January  2  and  February  20  and  21, 1883.  The  results  of  these  observations 
are  given  in  the  following  table: 

Table  of  disekargei. 


K 

^ 

UsiB  ohaimeL 

Chute. 

1 

Dste. 

Area  of 
■ection. 

Die- 

charge 

■eoond. 

Area  of 

Die. 
charge 

second. 

If 

Per 
second. 

Per 

boor. 

Per 

■econd. 

Per 
boor. 

|l 

1882. 
Dec.  29 
Dec.  81 

1888. 
Jan.     8 
Feb.  20 
Feb.  21 

&85 
9.80 

10.40 
32.80 
83.30 

82,817 

34,035 
141,407 
143,004 

OuhicfuL 
113,205 
123.866 

139,071 
618.268 
631,346 

Fett. 
8.8400 
8.7768 

4.0861 
4.8723 
4.3873 

2.6243 
2L674I 

2.7860 
2.9811 
2.0013 

42.862 

43,894 
104, 619 
105,733 

OuMcftBl. 
183,181 
199|497 

206.673 
648.758 
662,716 

FeeL 
4.6654 

4.7098 

4.7604 
&2503 
6.3220 

8.1810 
8.2109 

8.2467 
8.5798 
8.6286 

OuhU/mL 

^488 

846.644 
1,187.026 
1.194»061 

From  the  above  table  it  will  be  seen  that  on  December  29  and  31, 1882,  and  January 
2, 1883,  when  the  water  was  at  a  medium  low  stage,  the  discharge  through  the  chute 
was  about  sixty  per  cent,  greater  than  through  the  main  river,  but  on  February  20 
and  21,  when  the  river  was  bank  full,  the  discharge  through  the  main  channel  was 
about  10  per  cent,  greater  than  through  the  chute. 

These  oDservations  were  made  with  floats,  running  a  distance  of  200  feet. 

The  floats  were  of  the  same  pattern  as  those  used  by  this  office  in  making  discharge 
observations  in  1879. 

Very  respectfully,  your  obedient  servant, 

F.  8.  BURROWXS, 

A9$i§tani  Mngimmr. 
Capt.  ▲.  M.  MiLLBH, 

Corpe  ofMngUne$r$,  U.  8.  A.,  ITssipJUf,  2VfMi. 


y 
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K4. 

BirOBT  09  v.  A.  TIaHSR,  AfltmAKT  KNGIKBSB,  UP0I7  A  0UBTXT   OV  TBS  HBtSZTA 

BBACH. 

Untted  States  Ekoikssb  Offiok, 

Mm,jikii^  Teim.,  ifay  31,  1883. 

Captain:  I  have  the  honor  to  present  to  you  the  following  report  of  the  anrrey  of 
the  Helena  Beaoh«  Missiasippi  River,  yon  intrusted  to  my  charge  daring  the  aeaaon 
of  1883-'83: 

In  accordance  with  yonr  letter  of  instructions,  dated  October  16, 1882, 1  at  once  or- 
ganiZiCd  a  party  and  procured  the  necessary  outfi  t.  The  party  consisted  of  one  assistant 
engineer,  in  charge;  two  sub-assistants;  four  rodmen;  one  leadsman ;  seven  oarsmen, 
and  one  cook ;  the  quarter-boat  being  jast  large  enough  to  accommodate  that  number 
of  men.  I  left  Memphis  October  22,  1882,  allowing  tne  boat  to  drift  and  piloting  it 
with  my  two  well-ma;^led  skiffs  to  Commerce  Landing,  arriving  October  24. 

The  instruments  furnished  me  were :  Transit  No.  4640  (Heller  and  Brightly) ;  transit 
Ko.  8  (Ourley) ;  level  No.  4918  (Heller  and  Brightly). 

The  survey  comprised  a  tertiary  triangulation,  shore  line  of  both  banks,  of  bars, 
tow-heads,  islands,  aod  topography  of  same ;  soundings  and  necessary  level  connec- 
tions between  United  States  bench-marks  and  gauges ;  and,  also,  according  to  further 
instructions,  dated  November  25,  1882,  location  of  levees  along  the  river,  when  it  did 
not  extend  the  survey  too  far,  and  the  ascertaining  the  level  of  high  water  of  1882. 

Secondary  triangulation  station  ''  Peters,"  being  the  only  one  near  the  beginning 
of  my  work  which  could  be  found,  observations  for  azimuth  were  made  near  Com- 
merce Landing,  and  the  triangulation  carried  from  a  carefully  measured  base-line, 
4.092  feet  in  length,  connecting  this  point  with  triangulation  station  '*  Peters,''  to  a 
cneck-base  at  the  head  of  Bordeaux  Cnute,  where  observations  for  azimuth  were  also 
made,  as  a  check  on  previous  determination. 

Near  O.  K.  Landing,  Mias.^  the  first  complete  connection  with  secondary  triangula- 
tion through  line  triangulation  station  O.  & — triangulation  station  Waddell,  azimuth 
170^  04'  37^'.54,  was  made.  My  observ|d  azimuth  checked  within  one  minute.  The 
next  connection  was  made  at  Helena,  Ark.,  with  line  triangulation  station  Battery 
Hindman— triangulation  station  Court-house,  and  again  at  Friar's  Point,  through  line 
triangulation  station  Ship— triangulation  station  Westover. 

Gauges  to  determine  river  slope,  were  placed  at  such  points  along  the  river  as 
•eemed  to  indicate  a  change  of  inclination;  and,  elevation  of  their  zeros  was  deter- 
mined by  levels  from  known  elevation  of  United  States  bench-marks.  A  number  of 
such  United  States  bench-marks  were  connected  by  chain  and  transit  with  tertiary 
triangulation  points. 

Simultaneous  readings  of  the  gauges  were  taken  at  two  points,  usually  for  six  hours 
in  succession,  and  days  selected  for  slope  determination  at  a  nearly  stationary  stage 
of  the  river.  The  result^with  dates  when  observed  and  stage  of  river  at  Helena,  are 
given  in  Table  No.  1.  The  rate  of  caving  of  banks  on  the  ''reach,"  for  the  time 
between  the  surveys  of  1878-'79  and  1882-%3,  is  given  for  the  different  sections  in 
Table  No.  2.    Sand-bars  have  not  been  consiaered  in  this  estimate. 

The  level  of  high  water  of  1882  is  given  in  Table  No.  3.  The  stage  of  water  at  Mem- 
phis, Tenn.,  and  Helena,  Ark.,  16  given  in  Table  No.  4.  The  amount  of  work  done  is 
given  in  Table  No.  5. 

TOPOOBAPHT. 

On  this  "  reach  "  many  of  the  secondary  stations  have  been  washed  away ;  in  some 
instances  plowed  up,  and  in  others  buried  under  mud,  and  sand,  some  2  or  3  feet 
deep.  Tertiary  points  were  substituted  and  placed  in  close  proximity  to  each  other, 
ao  as  to  avoid  the  cutting  of  heavy  timber.  Stadia  lines  were  run  between  stations, 
And  all  points  inland  taken  as  far  as  stadia  could  be  read.  Elevations  as  given  on  the 
charts  depend,  in  feet,  on  a  plane  which  is  225  feet  below  high  water  ox  June,  1868. 
Thia  high  water  corresponds  to  a  reading  on  Memphis  gauge  of  34.16  feet; 

BOUNDIKG8. 

In  sonnding,  a  lead  weighing  17f  pounds  was  used.  The  original  lead  weighed  SO 
pounds,  but  I  found  it  too  heavy  for  satisfactory  use,  so  I  reduced  its  weight  as  given 
above.  The  lead-line  measured  100  feet;  the  actual  length  of  which  was  determined 
by  a  staadud  measure  at  all  times  before  its  use,  and  correction  noted  in  its  proper 
place  in  soonding-books. 

Qenerally.  lines  were  sounded  at  an  interval  of  about  1,000  feet,  but  at  less  distance 
whMMTar  tha  river  bed  appearad  ohangeablea    Two  traniits  ooonpied  aaoh  triangnla* 
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tion  stations  as  would  give  the  best  determination  of  position  of  sonnding-boat  when 
the  flag  was  raised. 

•  On  the  charts,  soundings  are  expressed  in  feet  and  are  reduced  to  that  stage  of  water 
which  corresponds  to  a  reading  of  12.82  feet  on  the  Helena  gauge:  being  the  mean  for 
the  19  days  on  which  soundings  were  taken.  The  elevation  of  tnis  stage  of  water  is 
161.54  feet,  or  55.61  feet  below  United  States  bench  mark  V-  High  water  of  1882,  at 
Helena,  was  34.26  feet  above  the  stage  of  water  to  which  the  charts  are  reduced. 

The  dates  in  the  river  bed  indicate  the  days  on  which  soundings  were  taken. 

The  readings  of  Memphis  and  Helena  gauges  on  these  days  are  given  in  Table  No. 
4.  Helena  gauge  is  read  twice  during  the  day,  at  9.30  a.  m.  and  1.30  p.  m.  The  mean 
of  these  two  reaidings  has  been  taken. 

CAYXNG  BANKS. 

Table  No.  2  sives  a  list  of  localities  and  the  rate  of  caving.  The  rate  is  determined 
from  a  companson  of  the  present  position  of  the  shore-line  with  its  position  at  former 
surveys.  It  will  be  observed  that  the  caving  at  east  side  of  Bordeaux  Island  is  going 
on  very  rapidly,  as  much  as  1*100  feet  in  one  vear:  and  as  the  whole  distance  across 
to  Old  River,  above  Walnut  J3end  Landing,  is  only  1,117  feet,  the  river  will  doubt- 
less, at  no  distant  date,  break  through  and  resume  its  original  bed  in  Walnut 
Bend.  I  have  added  to  tnis  report  a  reduced  plot  of  this  interesting  section  of  river. 
(Plate  U.) 

BASS  AND  T0W-HKAI>8. 

The  bar  opposite  Commerce  Landing,  between  old  and  new  river,  has-^xtended 
down  the  river  about  one-half  of  a  mi&,  and  is  composed  of  a  very  fine  and  easily 
shifting '  sand,  except  on  the  northern  portion,  where  a  small  belt  of  gravel  pre- 
dominates. At  the  southern  end  is  some  silt  and  mud.  The  opening  at  Linwood 
Point,  into  Council  Bend,  is  closing  rapidly.  The  bar  immediately  below,  on  Missis- 
sippi shore,  is  composed  mainlv  of  sand  with  some  silt  at  extreme  southern  end. 
Clark's  Tow-head  is  now  merged  into  this  bar  and  has  lost  its  identity. 

The  bar  opposite  Mhoon's  Landing,  ''Ashley  Point,"  is,  at  its  highest  elevation, 
composed  of  sand.  Along  the  bluff  or  main  shore,  gravel  exists  and  varies  in  size 
from  0.5  inch  down  to  coarse  sand. 

The  bar  at  the  head  of  Bordeaux  Chute  consists  of  a  very  fine  sand ;  the  southern 
and  eastern  end  of  it,  where  it  joins  on  the  main  shore,  is  composed  of  mud. 

The  Walnut  Bend  bar  has  extended  down  stream  three-fourths  of  a  mile,  with  fine 
sand  on  its  surface ;  below  it,  however,  at  a  depth  of  one  or  two  feet,  it  becomes 
coarser  and  is  mixed  with  pebbles  as  much  as  0.75  inch  in  size. 

This  bar  will,  in  the  near  future,  become,  no  doubt,  an  island,  as  the  river  above  is 
forcing  its  way  rapidly  throng  to  the  old  Walnut  Bend  Channel. 

The  large  bar  on  Mississippi  side  above  O.  K.  Landing,  as  well  as  two  small  bars 
detached  from  it,  are  compoiBed  of  a  coarser  kind  of  sand  than  usually  found ;  probably 
30  per  cent  of  it  consists  of  quartz  particles  from  0.04  to  0.05  inch  in  size. 

Fox  and  Ship  islands  are  merged  into  this  bar.  At  its  eastern  extremity,  where  it 
forms  the  shore  of  an  inlet  (formerly  river),  is  a  belt  of  mud  which  extends  up  as  hiffh 
as  B.  M.  V*  The  large  and  smaller  island  bars,  as.  well  as  shore  bar  opposite  O.  K. 
Landing,  are  composed  of  fine  sand  with  mud  surrounding  them.  The  island  inmie- 
diately  below  O.  K.  Landing,  in  midstream^  consists  of  coarser  sand  mixed  with  large- 
size  pebbles,  some  as  much  as  1.5  inch  in  size. 

The  bars  forming  opposite  Harbert's  Landing  are  composed  of  fine  sand.  Shoo- 
Fly  Bar,  below  Harbert's,  is  sand  in  its  main  body  with  some  gravel  at  its  northern 
end.  lliis  bar  has  assumed  quite  a  different  shape  since  1878.  From  being  egg- 
shaped,  with  greater  axis  lying  across  the  stream,  it  nas  assumed  a  long,  narrow  shape 
running  with  the  channel  of  the  river.  It  has  extended  to  li  miles  below  its  former 
southern. end,  holdine  meantime  its  head  pretty  well.  The  main  channel  of  river 
crosses  at  this  point  from  Mississippi  shore  to  Arkansas  side  and  passes  dose  to  north 
end  of  this  bar.  The  channel  between  it  and  Mississippi  shore  has  a  tendency  to  filL 
The  bar  opposite  mouth  of  Saint  Francis  River,  whicn  includes  at  the  present  time 
Saint  Francis  Tow-head,  is  a  fine  quality  of  sand.  The  tow-head  itself  is  composed  of 
silt  and  covered  with  large-sized  cotton  wood;  the  former  channel  between  tow-head 
and  main  Mississippi  shore  is  filling. 

The  Prairie  Point  bar  has  assumed  a  very  larse  dimension,  closing  the  former  exist- 
ing channel  between  it  and  Arkansas  shore  aunost  entirely.  The  northern  part  of 
this  bar  is  composed  of  a  very  fine,  almost  dust-like  sand.  At  the  eastern  slope  of 
this  bar  coarse  sand  with  particles  of  from  0.25  to  0.5  inch  occur.  The  southern  part 
has  a  small  stretch  of  silt  and  mud,  mainly  along  water  edse.  *  Helena  Tow-hea<i  is 
composed  of  fine  sand,  excepting  at  Helena  end,  and  also  uong  eastern  edoe,  where 
■ome  ailt  is  found.    It  is  covered  with  a  heavy  growth  of  willowB  and  coUonwood. 
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The  bar  extending  from^below  Glendale  to  Thompson's  Landing  is  chiefly  sand  with 
some  mnd  spots  on  lower  part  close  to  water.  Some  grayel  is  fonnd  near  the  npper 
portion  of  the  bar,  the  size  of  which  varies  from  0.1  to  0.3  inch  in  diameter. 

Monteznma  Bar  consists  of  sand  mainly.  Some  gravel  is  fonn<L  bnt  not  in  large 
quantities.  As  a  role,  it  has  been  observed  that  the  higher  parts  of  bars  oonsiBted  of 
very  fine  sand,  increasing  gradually  in  size  towards  the  water's  edge.  The  general 
size  of  sand  as  it  occurs  is  about  from  a  dust-like  form  to  0.05  inch;  that  of  gravel 
from  0.2  to  0.5  inch,  with  occasional  pebbles  of  1  inch  in  diameter. 

The  survey  was  completed  to  a  half  mile  below  Friar's  Point,  by  Januaiv  27, 1883, 
at  which  date  the  tug  Clarence  arrived  to  tow  quarter-boat  back  to  Memphis,  where 
we  arrived  January  31,  at  which  date  party  was  disbanded. 

My  thanks  are  due  to  Messrs.  W.  L.  Killebrew  and  C.  A.  Dinsmore,  who  assisted 
me  willingly  and  ably  in  the  prosecution  of  this  work. 
Very  respectfully,  your  obedient  servant, 

F.  A.  FiSHXS, 
UnUed  Statet  Auititamt  Emgim&r. 

Capt.  A.  M.  MiLLBB, 

Carp$  ofEngiMMr$,  U.  S,  A, 

Tabus  No.  l.-^Biver  flops. 


LonUty. 


Date. 


Ttom  lower  end  of  bar  neer 
Campbell's  Lending  to 
Mlioon*a  Tjanding. 


From  Hboon'B  to  bead  of 
Bordeaux  Cbnte. 


From  bead  of  Boxdeanz 
Cbate  to  fbot  of  aame. 


From  foot  of  Bordeaux 
Cbute  to  nnall  lalaad 
below  O.  K  Landing. 

From  ialand  below  O.  K. 
Landing  to  montb  of 
Saint  nancia  River. 


From  month  of  Saint  Fran- 
cis Biver  to  foot  of  bar 
oppoaite  Trotter's  Land- 
ing. 

From  Trotter's  Landing  to 
Gauge  No.  8,  below  Hel- 
ena, on  Arkansas  sbore. 

From  Oange  8,  below  Hel- 
ena, to  Mot  of  Honte- 
anma  Tow-bead. 

F^om  foot  of  Montesoma 
Tow-bead  to  Weetorer, 
oppoaite  Friar's  Point. 


Nov.  18 

Deo.  6 
Dee.  20 

Deo.  29 
1888. 

Jan.    6 

Jan.  16 

Jan.  23 
Jan.  24 
Jan.  27 


lifOM. 

8.44 


4.78 


8.78 


«.81 


&09 


7.84 


4.85 


S.46 


2.20 


It  62 


12L10 


&66 


18.17 


1&66 


U166 


1&40 


16.96 


20.60 


F^eL 
6.00 


0.00 


+0.11 


0.00 


0.00 


.fO.08 


+0.08 


+0.10 


FM, 

0.668 
1.937 


0.427 


L126 
4.999 


0.867 
9UI10 


0.401 
3.9MI 


0.236 
3.198 


0.560 
94199 


0.8G2 
1.969 


0.361 
0.793 


Oaage  2  is  in  a  oove  on 
lower  end  of  bar.  Gange 
8  is  in  Old  BiTor,  |  mfle 
abore  Ifboon's;  no  oar- 
rent. 

Oaage  at  Bordeaux  Cbnte 
in  slight  oarrent,  on  east 
bankTbead  of  bar. 

Oaage  at  lower  end  of  sand 
bar,  opposite  Walnnt 
Bend  i^a^dfag^  lo  gtU] 
water. 

Oaage  in  onrrent  on  east 
side  of  bar. 


Oaage  700  feet  in  Saint 
Francis  River,  above 
month,  in  still  baok-water 
of  Mississippi. 

Oange  in  still  water  on 
west  side  of  bar. 


Oaage  in  oarrent  on  Ar- 
kansas shore,  2.75  miles 
below  Helena,  ALrk. 

Oaage  looated  in  still  water 
on  Arkansas  shore. 


Gaoge  looated  instill  water 
on  Arkansas  shore. 


Slope  for  entilxe  distanoe. 


Nan.—: 
reading  of 


•Blse-h.     Fall-, 
in  beavy-fkoed  type  give  som  of  slope  for  whole 
gauge  for  the  nine  days  on  which  slope  was  *  ' 


ive  distanoe.    Tlia  i 
isl4.S7fbet 
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Below  iB  giTen  a  list  of  localities  and  the  rate  of  caving.  The  rate  is  detemliMd 
irom  a  oompariaon  of  the  preeent  position  of  the  shore-line  with  its  position  at  fonnar 
survey. 

Tablb  No.  2.— Coving  Umk$. 


LonUty. 


Bttteof 

cftving 

per 

yew. 


caving. 


Ashley  Point,  Ark 

Hhoon'B  Landing,  Miss 
Bordeaux  Point  Landing,  H 

Bordeaux  Island  (east  side) 

Shore  opposite  Walnut  Bend,  Miss 

Smith'ALimdlng,  Ark 

One  and  a  half  miles  above  Harbert's  Landing. 

2;»poiiito ShooFly  Bar,  Ark 
ontb  of  Saint  Francis  Rirer 

Below  mouth  of  Saint  Francis  Biver 

Trotter's  Landing,  Miss 

Glendale,  Miss t 

One  and  a  half  to  5  miles  below  Helena,  Ark. .. 

Delta,  Miss 

One  and  a  half  to  2|  miles  bdow  Friar*s  Point, 


J'Vst. 
220 
260 
400 

1,100 
400 
640 
1S2I 
827J 
76 

812j 


260 
ie2| 
140 


IVef. 
640 
600 

800 
2,200 

800 
1,080 

630 
1,810 

800 

780 
1,250 

250 
1,000 

660 


Sand 

Sand  and  aUt, 

Sand 

Clay  and  sand — 

Sand 

...do 

Clay  and  sand 
Sandandiailt.. 
Ckur  and  sand 

!.'!.do  .*.".".'!!"; 

..  do 

Silt  and 
...do  .. 
..  do.. 


Deo.,  1880 
Deo.,  1880 
Deo.,  1880 
Deo.,  1880 
Dee.,  1880 
Jan.,  1881 
Kov.,  1878 
Deo.,  1878 
Dec,  1878 
Dec,  1878 
Dec,  1878 
Dec,  1878 
Dec,  1878 
Jan.,  1878 
Feb.,  1881 


Tablb  No.  2.— Elevation  of  high^water  mark$  of  1882. 


Locslttj. 


Desorlption  of 


At  Dr.  Peters*  store,  opposite 
Conimeroe  Landing. 


Mhoon's  Landing,  Miss 

Bordeaux  Point  Landing,  Miss. 
Walnut  Bend  Landing,  Ark . . . . 
Austin,  Miss 


O.  K.  Landing,  Miss 

Mouth  of  Sa&t  Francis  Biver. 
Helena,  Ark 


Westover,  Ark.,  opposite  Fri- 
ar's Point. 


FMt. 

209.48 


208.18 
207.40 
204.70 
202.76 


902.60 
200.63 
195.88 

18&71 


MUet, 


Feet 


FmL 


0.260 
a  218 
0.697 


1.80 
0.64 
2.79 


7 

8.76 

9 

12.6 


0.800 
0.225 
0.628 

0.576 


2.10 
L97 
4.75 

7.17 


Total. 


49.25 


20.72 


This  mark  is  defined  by  a  nail  driven 

in  the  side  of  the  counter  Inside  the 

store 
Mark  on  tree,  dose  by  B.  M.  y. 
Mark  on  house  of  Henry  Wilson. 
Two  nails  in  door-post  of  store. 
Height  above  benoh  mark  on  comer 

court-house  square,  measured  by 

county  surveyor. 
Mark  on  store  and  post-olBcc 
Mark  on  large  tree  oppooitci  post^fflcc 
Mark  on  window-sfli  of  brlok  house 

opposite  elevator. 
WeU-deflned  mark  on  storehouse  at 

comer  of  levee 

Entire  high-water  slope. 


KOTB.  —Elevations  as  given  in  this  table  depend  in  feet  on  a  plane  which  is  225  feet  below  bi^  i 

of  June,  1868.    This  high  water  corresponds  to  a  readiuff  on  Memphis  gauge  of  84.16  feet.    High  i 

of  1882  corresponds  to  a  reading  on  Memphis  gauge  of  86.15  feet,  and  on  Helena,  Ark.  goage  of  4708, 
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Tabus  No.  4. — IfaUr  gangtt, 

(Sbowing  stage  of  wster  at  United  States  gange  at  ICemphis,  Tenn.,  and  Helena  Ark.] 


Data. 


Mean  eloTation 

of  water  in 
▼icinity  wbere 
■oandlngswere 
taken. 


1B82. 
Not.    8 

4 
18 
30 
24 
Dec.    6 

9 

n 

16 

20 

21 

20 
1883. 
Jan.     5 

6 

15 

16 

17 

38 


FmL 

177.13 

177.18 
177.48 
17480 
174.06 
174.48 
174.43 
174.48 
187.80 
166L78 
16&74 
168.02 

162.06 
162.08 
162.08 
162.08 
16a  90 
168.15 
16&22 


Gange  reading 

atfiemphit 

at8a.m. 


Gauge  reading! 

at  Helena  at 

9.80  a.  m.  and 

1.80  p.m. 


F€$L 
5.22 

6.22 

6.18 

7.20 

6.75 

6.40 

6.80 

6.50 

6u26 

8.75 

8.50 

&20 

10.00« 
9.70 
7.50 
7.50 
7.55 
10.25 
11.00 


Feet, 
10.65 
10.70 
10.60 
10.70 
1L55 
11.70 
12.90 
12.11 
12.75 
12.80 
12.10 
12.10 
12.20 
12.30 
12.60 
12.  «0 
11.10 
11.00 
OlOO 

an 

&75 

3.80 

13.05 

13.80 

17.10 
17.10 
17.00 
16.11 
13.20 
13.30 
13.50 
13.60 
13.66 
18.80 
15.80 
16.00 
16.80 
17.10 


Mean  for  nineteen  days. , 


Mean  of 
Helena 
gauge. 


ia68 

10.66 
11.63 
12.50 
12.77 
12L10 
12.26 
12.66 
11.05 
a66 
8.77 
16.17 

17.10 
16.66 
13.26 
13.66 
13.72 
16.90 
16.96 


12.83 


Tablb  No.  5. — SJunoing  amount  of  work  done  from  Commerce  CuUQff  to  Friam^e  Po^nL 

Tertiarv  triaognlation  stations  built 185 

Azimutns  observed 3 

Bases  chained 3 

Theodolite  pointings 4.996 

Iieadscast,  number  of 6,184 

Water-gauges  set 11 

Ilydrograimy  in  miles  along  river  channel,  old  and  new 59 

Snore-line  in  miles .- 135 

Sand  bars  surveyed,  number  of 41 

Biver  slopes  determined,  number  of 9 

Miles  of  levels  mn  from  United   States  bench-marks  to  connection  with 

gauges 10, 6 
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K5. 

b9tucatb  of  richard  klebfm,  a8sistaht  xnoiniuer,  for  rsbuilding  and  repair- 
ing lbvxes,  saint  francis  and  part  of  tazoo  fronts. 

Unitbd  States  Engineer  Office, 

Memphis,  Tenn.,  March  15,  1883. 

Captain:  I  have  the  honor  to  submit  to  yoa  herewith  estimates  of  amonuts  of 
oabio  yards  to  he  filled,  and  also  the  number  of  acres  to  be  cleared  for  the  repairing 
and  rebnilding  of  the  old  State  levees  along  the  ''  Saint  Francis  front "  on  the  west 
bank  of  the  Mississippi  River  and  the  "  Tazoo  front"  on  the  east  bank  of  the  river. 

The  Saint  Francis  iront  in  this  district  extends  on  the  Arkansas  side  from  Island 
No.  40  to  the  mouth  of  Saint  Francis  River,  and  the  Yazoo  front,  as  far  as  surveyed, 
from  the  Chickasaw  Bluffs,  below  Memphis,  to  Friar's  Point,  on  the  Mississippi  side. 

In  accordance  with  your  orders,  I  have  prepared  two  estimates— one  to  give  the 
amount  of  cubic  yards  needed  to  fill  the  gaps  and  breaks'in  the  old  levees,  and  one  to 
give  the  amount  of  cubic  yards  needed  to  raise  all  levees  li  feet  above  high  water  of 
1882.  The  slope  for  new  levees  is  calculated  at  3  to  1  on  the  river  side  and  2  to  1  on 
the  land  side.  The  crown  of  the  levees  equals  the  fill  u^  to  a  fill  of  8  feet;  above 
8-feet  fill  the  crown  wHl  not  exceed  8  feet.  The  muck-ditch  is  4  feet  wide  on  top,  2  feet 
wide  at  the  bottom,  and  3  feet  deep.  At  such  places  where  previously  no  levees  had 
been  built,  the  calculations  were  made  to  a  height  of  1^  feet  above  high  water  of  1883 
for  both  estimates. 

The  estimates  are  compiled  partly  from  actual  surveys  made  by  Mr.  Gartland  and 
myself,  and  partly  are  taken  from  the  charts  made  under  the  direction  of  General 
Comstock  in  1878.  f^m  a  point  below  Commerce,  in  Tunica  County,  to  the  Coahoma 
County  line,  the  amounts  are  taken  from  notes  and  profiles  made  by  the  county  engi- 
neer of  Tunica  County,  Mr.  G.  W.  Owens,  and  from  Coahoma  County  line  to  Friar's 
Point,  in  Coahoma  County,  from  notes  and  profiles  made  by  Levee  Inspector  William 
Hewson. 

The  high- water  marks  are  partly  foom  my  own  survey  and  partly  from  Assistant 
Engineer  Hunter  Stewart.  In  locating  the  new  levees,  I  followed  the  line  of  the  old 
levees  as  near  as  poasible.  At  such  places  where  the  old  levees  had  caved  into  the 
river,  I  laid  the  new  levees  far  enough  back  to  probably  be  safe  for  some  time.  I 
att<ach  a  sketch  on  tracing  linen,  showing  the  old  levees,  and  also  showing,  in  red  ink, 
the  proposed  line  of  the  new  levees.  "nLC  map  shows  that  all  the  old  levees  were 
constructed  to  protect  the  farming  interests  only,  and  that  the  distances  between  the 
levees  on  either  side  of  the  river  vary  from  1  to  o  miles. 

I  find  that  the  highest  ground  is  always  alouff  the  river  bank,  and  that  most  of  the 
surface  drainage  goes  towards  the  inland ;  on  the  Arkansas  side,  to  the  Saint  Francis 
River  basin,  and  on  the  Mississippi  side  towards  the  Coldwater  and  Tazoo  basins. 

TotaU. 


Location. 

To  height  of 
old  loTeoft. 

To  n  feet 
Above  high 
water,  18&. 

Cleaxing. 

ArkMiSM  nldo - 

Oubieyardt. 

1, 188, 120 

088,732 

Ouhicyardt. 

1,<»4,168 

842,082 

Aeru. 
078 
243 

Mim^imlrpl  tMe  . 

Very  respectfully,  your  obedient  servant, 


Capt.  A«  M.  HiiXBR, 

Carpe  of  Engineer$,  U.  8,  J,,  Memphis,  Tenn, 


Richard  Elbmm, 
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Tablb  No.  1. — EsUmateB  for  repairing  and  rebuilding  the  old  State  leveee  along  the 
atMijypi  Biver,  on  ike  Saint  Frane^  front,  in  the  State  ofArkaneae. 


Mie- 


T«>- 


1 

I 

.a 


at 


I 


Bednuui'B  Point 

(Mound  City  Bracks.) 
IConndCitv 

(HoiMfaeld  Breaks.) 
Fonr-Mile  Bayou 

(Appenon  and  Beerea'  Landing 
Breaks.) 
8canlan*s  Landing 

(Cow  Island  Bend  Breaks.) 
Cat  Island  Landing 

(HoTseshoe  Bres&s.) 
Blue'sPoint 

(CouDcil  Bend  Break,  Ka  L) 
Head  of  Council  Bend 

(Council  Bend  Break,  Na  2.) 
Dr.  Peters* 


(Ashley  Point  LeTee.) 
Head  of  walnut  Bend 

(Walnut  Bend  Breaks.) 
FWl's  Place 

(Hardin  Point  Levee.) 


Hound  City 

Four-lfile  Bayou 

Soanlan 'a  Landing  — 

Cat  Island  Landing ... 

Bine's  Point 

Head  of  Council  Bend. 

Dr.  Peters' 

Head  of  Walnut  Bend 

Fall's  Place 

Houthof  Saint  Francis 


irOst. 
5 

9 

18 

7 
IB 
6 

.    e 

6 

8 
7 


CkLffdt. 

63,092 
76,857 
24,773 

29,980 
148,766 
203,687 
188,958 
100,885 
180,616 
140,689 


Cu-ydt. 
174,091 

211,738 

178,879 

60,921 
158,268 
208,587 
188.958 
100,886 
160,616 
140,539 


6^699 
6,620 
8,782 

6,412 
6^999 
6^998 
6,406 
8^948 
6,761 
10,665 


80 
84 
89 
74 
27 
80 
142 


Total, 


78 


1,122,000 


1,668,027 


66^126 


678 


Tablx  No.  2,— Estimate  for  r^poMng  and  n^ntilding  the  old  State  levees  along  the  Missis- 
si^  River,  on  the  Tagoo  front,  in  iks  States  of  Tennessee  and  Mississippi, 


T6- 


1 

o 
H 


I- 
II 


63 


I 


South  Horn  Lake 

(Taken  from  General  Comstook's 
•nrrey.) 
Abbey's  Field 

(Taken  from  O.  W.  Owens.) 
Austfai 

(From  G.W.Owens.) 
Coahoma  County  Line 

(From  William  Hewson.) 


Abbey's  Field. 


Austin 

Coahoma  County  Line. 
Friar's  Point 


JTOm. 

28 

20 
17 
14 


Ou.ydi. 
82,272 


295,204 
128,688 
44,296 


Ou.ffd». 
82,272 


406,668 

274,761 

60,046 


Ou.ydi, 
7,620 


6,600 

4,120 
1.030 


Acres. 
24 


120 
81 
18 


Total. 


79 


645^4 


18,270 


248 


Table  No.  ^.-Sigh-water  marks,  1882. 
ABKAJNSA8. 


Station. 


Elevation. 


Bemarka. 


Bedman's  Landing. 


Mound  City 

Lake's  Landing 

Meny  wether's 

Harris  Landing 

Scanlan's  Landing  — 

Dr.  Peters' 

Walnut  Bend 

Mo.  Saint  Francis.... 
Helena  Water  Gauge . 


0 
156+76 
246+76 
830 
1080 
1260 
1430 
3050 


Fsgt. 
229.62 
228.68 
227.86 
224.31 
222.226 
221.060 
21ft  771 
20ft  40 
204.67 
200.63 
196.88 


Taken  by  J.  Gartland. 

Da 

Da 
Taken  by  H.  Stewart 

Da 

Da 

Do. 
Taken  by  B.  Klenm. 

Do. 

Da 

Da 
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Tablb  No.  Z.^Higk^water  marki,  1882— Co&tiiiiied. 
TBNKESSEE  AND  MISSISSIPPI. 


Looatkm. 


Station. 


Eleration. 


B«m«rk». 


Memphlt  Water  Gauge. 

Knaley 'b  Landing , 

Norfolk  Landing 

Bennett's  Landmg 

Commerce  Landing , 

Jfhoon'a  Landing 

Bordeaux  Point , 

O.E.  Landing 


530 
1070 
1300 


226.09 

221.758 

215.217 

211.228 

200.448 

20ai40 

206.708 

202.668 


Taken  by  BL  Stewiik 
Do. 
Do. 
Da 
Da 


APPENDIX  X. 

rkpobt  or  captain  w.  l.  marshall,  corps  of  enqinekrs,  upon  opbbation8  ih 

the  third  district. 

United  States  Engineer  Opfick, 

Ficktburg,  Mis8,,  November  26, 1883. 
8lR :  I  have  the  honor  to  transmit  herewith  my  reports  of  operations  for  the  works 
in  my  charge  in  the  Third  District,  Improvement  of  the  Mississippi  River,  under  the 
snpervision  of  the  Mississippi  River  Commission,  for  the  eleven  months  ending  No- 
vember 1, 1883,  as  follows : 

1.  Report  on  Lake  Providence  Reach,  with  sub-reports  of  Assistant  Engineers  Ar- 
thur Hider  and  J.  £.  Turtle,  with  nine  plates.    (I  to  IX.) 

2.  Report  on  revetment  at  Delta  Point,  La.,  and  dreaging  in  Vicksbnrg  Harbor, 
with  snb-report  of  Assistant  H.  St.  L.  Copp^,  and  four  plates.    (X  to  XIII.) 

3.  Levees. — ^Tensas  and  Yazoo  fronts,  with  sub-reports  of  Assistant  Engineers  H.  D. 
Garden  and  George  M.  Helm,  with  wood-cut  plates. 

4.  Survey  of  Choctaw  Bend  Reach,  with  sub-report  of  Assiatant  Engineer  Wm.  T. 
Blunt. 

I  am,  sir,  very  respectfully, 

*  W.  L.  MAJtagATj^ 

Captain  of  Engimeen. 
First  Lieut.  Smith  S.  Leach, 

Corp9  of  Engineers^  U,  8,  A., 

Secretary  Miseies^ppi  Eiver  CommiasUm, 


LAKE  PROVIDENCE  REACH. 

This  reach  extends  from  Carolina  Landing,  517  miles  below  Cairo,  to  the  foot  of 
Island  95,  a  distance  of  35  miles.  Work  was  begun  nnder  the  appropriation  of  March 
3, 1881,  in  February,  1882,  and,  with  a  short  intermission  in  July  and  August,  1882,  has 
been  prosecuted  continuously  since  that  time. 

Hie  characteristics  of  the  reach  are  sharp  bends  and  very  deep  water  and  rapidly 
caving  banks  at  head  and  foot  of  the  reach ;  eight  crossings  from  bank  to  bank,  ou 
some  of  which  but  4^  feet  of  water  was  found  at  low  water  in  years  prior  to  the  in- 
ception of  the  work ;  a  stretch  of  7  miles  of  straight  river,  from  Island  93  to  foot  of 
Stack  Island  j  and  an  excessively  wide  river  at  Skip  with,  Island  93,  head  of  Stack 
Island,  and  below  Lake  Providence.  In  the  latter  bend  the  width  of  river  at  high 
water  reaches  9,600  feet  where  the  channel  is  very  much  obstructed  by  shifting  sand- 
bars of  great  extent. 

The  prolect  for  its  improvement  comprises  the  reveting  and  fixing  permanently  the 
bend  at  the  head  of  the  reach,  the  revetment  of  caving  banks  opposite  and  above 
works  of  contraction,  and  a  general  contraction  of  the  width  of  the  river  to  approzi* 
mately  3,000  feet. 

As  a  part  of  the  contraction  work  proper,  the  closing  of  the  following  chutes  is  nee- 
essary. 

(1)  Skipwith  Chute,  about  1,200  to  2,000  feet  in  width  at  high  water;  (2)  chate  of 
Island  93,  900  feet  in  width ;  (3)  Baleshed  Chute,  to  crest  of  bar,  1,200  to  1,600  feet 
in  width;  (4)  Stack  Island  Chute,  850  feet  wide;  (5)  Elton  Chnte,  to  new  shoxe-line 
on  crest  of  bar,  about  800  feet  in  width. 
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At  the  date  of  the  last  annaal  report,  works  had  been  inaagnrated  for  the  closure 
of  Skipwitb,  Island  93,  Baleshed,  and  Stack  Island  Chntes,  and  also  the  revetment 
work  at  the  head  of  Island  93. 

Dnring  the  past  year  work  has  been  directed  towards  the  completion  of  these  works, 
which  have  been  greatly  extended,  and  to  the  inangnration  of  tberevetme&t  work  at 
Filcher's  Point,  and  contraction  works  at  Elton  or  Hopewell  Bar. 

1.— RETBTMENT  AT  FILCHBR'S  POINT. 

The  bends  known  as  the  Carolina,  and  Louisiana  or  Bnnchs  Bend,  at  the  head  of 
the  reach,  exhibit  more  rapid  caving  of  the  banks  than  any  part  of  the  reach,  and  the 
influence  of  the  changes  prodnced  in  the  direction  of  currents  below  is  plainly  seen 
and  felt.  The  entire  length  of  caving  bank  in  the  two  concave  bends  approximates 
seven  miles.  In  the  Louisiana  Bend  at  Pilcher's  Point,  since  December,  IbSl,  the  cav- 
ing has  been  such  that  the  Mississippi  low- water  shore-line  now  occupies  in  places  the 
position  of  the  Louisiana  shore-lintf  then,  or  the  river  has  caved  its  entire  low- water 
width  during  two  high-water  seasons,  or  about  1,500  feet.  The  water  is  excessively 
deep,  reaching  to  100  feet  in  depth  at  low  water.  The  effect  of  this  caving  has  been 
to  throw  the  currents  against  the  Mississippi  shore  above  the  contraction  works  at 
Sldpwith,  to  partially  undermine  and  destroy  these  works  at  the  head  of  the  chute, 
and  to  endanger  the  works  located  in  Skipwitb  Chute  itself. 

In  May,  18^3,  a  party  was  organized  under  Assistant  Engineer  Willard,  who  was 
afterwai^s  relieved  by  Assistant  Turtle:  the  wooded  banks  cleared,  and  preparations 
made  for  beginning  the  mattressing  of  tne  banks  there.  After  the  decline  in  the  river 
in  August,'  mattress- work  was  started,  but  during  the  sickly  season  no  progress  could 
be  mflSe,  as  labor  was  too  scarce  to  supply  the  works  already  in  progress  and  incom- 

£lete.  Since  October  1,  the  party  has  been  increased,  a  snag-boat  secured  from  Major 
[iUer  to  remove  the  snags  from  the  bank  to  be  mattreesed,  and  about  one- half  mile  of 
mattress  work  made,  l,!i^  linear  feet  of  which  has  been  sunk.  This  work,  however, 
since  it  cannot  be  completed  or  made  secure,  on  account  of  lack  of  funds,  must  now 
be  abandoned. 

2.— VBOM  DUNCAN8BT  TO  STACK  ISLAND. 

This  division  of  the  work  has  been,  during  the  year,  under  the  local  management 
of  Assistant  Engineer  Arthur  Hider,  who  submits  a  detailed  report  of  operations,  with 
maps  and  sketches  appended  hereto. 

3.— DUNCANSBT  ST8TBM. 

This  svstem  embraces  the  first  work  of  contraction  on  the  reach.  The  river  is  here 
divided  oy  two  tow-heads,  or  dry  sand-bars,  into  two  channels,  the  deeper  of  which  is  on 
the  Louisiana  shore.  The  object  of  the  silting  works  built  here  is  to  close  the  chute 
on  the  Mississippi  side  of  the  tow-heads;  and  at  the  bead  of  the  t4)w-head  and  in  the 
npner  chute  five  cross-dikes,  the  upper  three  of  which  were  provided  with  foot-mats 
and  screens,  the  two  lower  with  screens  onlv,  have  been  built. 

The  longitudinal  dike  between  the  tow-heads  was  driven  at  high  water  and  was 
consequently  a  high  dike.  The  works  in  the  chute  and  at  head  reached  only  to  the 
17-foot  stage  of  water. 

Upon  the  rise  in  February  the  water  was  thrown  against  the  head  of  this  system  by 
the  caving  bend  at  Pilcher's  Point,  and  parts  of  the  upper  dikes^were  washed  out,  but 
a  very  marked  and  decided  fill  occurred  behind  the  remnants  of  the  cross-dikes  and 
longitudinal  dike,  between  the  tow-heads,  the  former  of  these,  before  being  broken, 
having  evidently  offered  sufiicient  resistance  to  determine  the  channel  to  the  west  of 
the  tow-heads  as  desired.  Alone  the  longitudinal  dike  sand  was  piled  up  to  the  top 
of  the  piling  in  a  very  short  while,  and  a  rapid  cutting  away  of  the  head  of  the  upper 
tow-head,  resulting  from  the  river  crossing  above  it,  set  in. 

To  prevent  a  threatened  water-way  at  low  water  through  the  Skipwitb  Chute,  and 
to  hold  the  head  of  the  tow-head,  pile-driving  was  resumed  at  the  bead  of  the  island 
an4  in  the  chute  April  4,  1883.  Cross-dikes  were  driven  on  Ranges  37,  36,  and  39, 
as  fiir  as  the  stage  of  water  would  admit,  and  a  screened  dike  400  feet  long  driven 
across  the  head  of  the  tow-head  for  the  purpose  of  attempting  to  shield  it  aeainst  the 
enrrent  which  set  directly  against  it.  At  this  time  the  water  stood  so  high  that  brush 
for  revetment  conld  not  be  had.  A  small  quantity  of  brush  remained  on  hand,  and 
this  was  used  in  constructing  a  mat  130  feet  wide  in  rear  of  dike  37,  to  prevent  a 
ebannel-way  cutting  through  the  chute. 

Later  in  the  season  the  head  <ftad  upper  flanks  of  the  tow-head  were  mattressed,  but 
the  second  rise  went  over  the  top  of  the  island  and  washed  it  in  two  behind  the  mat- 
tress, which  remains  as  an  obstruction  in  the  channel.  The  dikes  on  Ranges  37,  38, 
39  have  sinee  been  completed,  except  narrow  shannels  for  oommonisation  through 
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them,  and  a  heavy  dike  began  on  Range  96.    The  details  of  these  dikes  are  shown  on 
the  acGompanyinff  maps. 

The  works  at  Upper  Dancansby  have  now,  thioagh  the  changes  at  Pilcher's  Point, 
become  too  far  advanced,  and  that  system  is  seriously  threatened  with  destmction. 
A  line  further  retired  must  be  defined  by  the  river  itself.  It  does  not  seem  to  be  ad- 
visable to  hold  the  present  upper  tow-head,  but  rather  to  dike  out  from  the  Mississippi 
shore  to  determine  the  continued  filling  of  the  chute  below  and  allow  the  river  to 
make  a  more  easy  curve  by  cutting  down  further  the  upper  tow-head.  The  lower 
chute  under  the  influence  of  the  works  above  is  very  fast  nlling  up. 

4.— liATBRSVILLE  STBTSM. 

The  contraction  works  of  this  system  as  designed  include  a  main  dike  and  at  least 
three  cross-dikes  on  Cottonwood  Bar  to  prevent  the  river  cutting  through  next  the 
Louisiana  shore  and  to  hold  the  water  in  the  bend  of  Island  93,  a  dike  across  the 
head  of  the  chute  at  Island  93,  and  a  strong  dike  across  the  chute  at  MayersviUe 
Landing.  Of  these  works  the  dike  across  the  head  of  the  chute  was  constructed  prior 
to  the  last  annual  report,  and  the  dike  at  MayersviUe  built  at  high  water  last  sum- 
mer. The  first  of  these  works  consists  of  an  open  dike,  three  rows  of  braced  piles 
reaching  to  about  the  17-foot  stage  and  mattressed  at  foot ;  the  cross-dike  consists  of 
five  rows  of  braced  piles  reaching  nearly  to  the  30-foot  stage.  It  is  expected  that 
this  last  dike  will  cause  the  filling  of  the  chute  by  drift-wood  lodging  against  it.  It 
is  not  yet  mattressed  at  foot,  but  this  will,  if  practicable,  be  completed  before  high 
water.  The  dike  at  the  head  of  the  chute  passed  the  flood  without  iiijury  and  caused 
a  very  appreciable  fill  behind  it,  the  chute  goins  dry  at  low  water  both  at  head  and 
foot.  The  dikes  to  be  constructed  on  Cottonwood  Bar  gain  in  importance  as  the  cross- 
ing at  the  head  of  the  Duncansby  system  moves  downward.  A  channel  through  this 
bar  may  endanger  the  dikes  on  the  Baleshed  Bar  below. 

5. — ^BEVBTMXNT  OF  ISJiAND  93. 

At  the  date  of  the  last  annual  report  of  the  Commission,  there  had  been  oonstmoted 
at  the  head  of  this  island  1,719  linear  feet  of  under-water  mattress.  After  that  date, 
until  interrupted  by  the  high  water  of  February,  1883,  the  mattress- work  was  pushed 
vigorously,  until  it  extended  along  the  face  of  the  island  about  one  and  a  half  miles. 
In  December,  also,  one  of  the  griMlerB  was  put  at  work,  and  the  brush-work  of  the 
upper  bank  revetment  was  followed  down  1.700  feet,  and  partially  weighted  with 
sand-bags  and  stone.  As  the  holding  of  the  race  of  this  tow-head  is  essential  to  the 
completion  of  the  project  below,  the  mat- work  was  pressed,  but  due  to  a  lack  of  stone 
for  sinking  mats  and  covering  the  upper  bank,  the  work  was  caught  by  the  flood  in 
an  incomplete  condition,  some  225  feet  of  the  upper  bank  revetment  was  lost,  and  the 
sand  above  the  lower  mat  washed  back  from  10  feet  to  300  feet  back  of  the  mattress, 
which  remains  on  the  bottom  of  the  river.  The  work  is  being  done  over  again,  with 
nearly  the  same  experience  threatened  in  consequence  of  lack  of  material  and  money 
with  which  to  complete  it.  On  the  face  of  this  island  >K>th  of  the  hydraulic  graders 
have  been  employed  to  advantage,  the  average  cost  of  excavation  being  for  tne  last 
year  3^  cents  per  yard,  including  fuel,  oil,  and  repairs. 

I 

6.~BALE8HED  CONTRACTION  WORKS. 

From  Island  93  to  Stack  Island  extends  the  Lake  Providence  Reach  proper,  a  stretch 
of  straight  river,  on  which  have  been  built  on  the  Mississippi  side  the  Baleshed  sys- 
tem of  oikes.  These  works  are  designed  to  close  the  chute  behind  Baleshed  Bar,  and 
to  extend  that  bar  down  to  the  headof  Stack  Island  Chute  to  aid  in  closing  also  that 
deep  chute. 

The  system  comprises  a  main  longitudinal  dike  from  the  main  Mississippi  shore  near 
Homochitto  Landing,  along  the  crest  of  Baleshed  Bar,  to  the  head  of  Stack  Island,  with 
twelve  cross-dikes  so  far  projected  and  partly  completed. 

Of  this  work  part  of  the  long  dike  at  the  head  of  Baleshed  Chute  and  four  (partisl) 
cross-dikes  in  the  chute  had  been  driven  during  the  low  water  of  1882,  and  are  reported 
in  last  annual  report  of  work  done.  All  the  dikes  of  1882  were  low,  reaching  to  the 
17-foot  stage  on  the  Providence  gauge.  In  February,  1883,  work  was  resumed  at  high 
water  upon  this  system,  and  has  been  prosecuted  continuously  to  date.  At  high  water 
a  strong  tendency  on  the  part  of  the  river  to  pass  behind  Baleshed  Bar  was  exhibited 
and  the  chute  began  to  enlarge.  In  resuming  work  at  hi^h  water,  to  prevent  this 
change  of  channel,  much  difficulty  was  experienced  from  drift,  and  many  of  the  piles 
washed  out  as  fast  as  driven.  A  lodgment,  however,  was  at  last  efifected,  and  by 
September  of  this  year  some  28,000  feet  of  pile  dike  had  been  constructed  and  a  great 
fill  had  been  secured. 
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Of  the  cTOfl0-dike8,  six  extend  from  the  main  dike  across  to.  the  Mississippi  shore, 
and  six  are  still  incomplete,  not  haying  heen  extended  across  the  chute  on  account  of 
deep  water. 

At  the  head  of  the  system  the  main  dike  is  huilt  of  three  rows  of  braced  piles,  but 
on  the  highest  part  of  the  bar  it  is  only  of  two  rows.  The  cross-dikes  at  head  are  of 
three,  four,  and  five  rows,  the  better  to  withstand  drift,  and  are  protected  at  foot 
with  thick  foot-mats.  The  high  dikes  idl  reach  to  or  above  the  25-foot  stage,  and  for 
6  feet  above  the  present  bar  surface  are  now  being  closely  wattled  to  secure  deposits 
of  mud  for  the  sustenance  of  willows,  which  have  already  begun  to  ma&e  their  appear- 
ance. 

On  the  decline  in  the  river  the  deposits  behind  the  long  dikes  were  cut  in  channels 
by  the  water  seeking  the  deep  chute  behind  Baleshed  Bar ;  in  several  places  at  head, 
and  here  aJso.  the  main  dike  is  being  closely  wattled  to  prevent  this  action. 

In  front  of  the  main  dike  a  mattress,  ranging  in  width  from  100  feet  at  head  to  60. 
feet  at  foot,  has  been  laid  to  prevent  longitudinal  scour,  and  in  places  where  the  water 
falls  through  the  dike  into  Baleshed  Chute,  grillage-mats  have  also  been  placed. 

Along  this  system  the  local  effects  of  main  and  cross-dikes  can  be  well  studied,  as 
well  as  the  influence  of  drift  as  an  enemy  or  as  an  aid  to  these  constructions,  the 
cross-dikes  driven  at  high  water  having  caught  much  of  it.  This  will  be  spoken  of 
hereafter  in  this  report.  • 

The  effect  of  the  dikes  of  this  Baleshed  system  has  been  all  that  could  be  expected. 
Althoui;h  open,  i.  «..  not  wattled  or  curtained,  they  have  caused  a  great  fill  behind 
them,  have  extended  the  bar  both  at  head  and  foot,  and  thrown  the  current  well  over 
to  the  Louisiana  shore,  opposite  the  head  of  Stack  Island,  and  have  perhaps  rendered 
the  permanent  clorure  or  that  chute,  which  is  now  83  feet  deep  at  low  water,  a  poa- 
sibility  in  the  future,  the  main  channel  of  the  river  having  already  been  diverted  or 
deflected  from  that  chute  by  these  works,  aided  by  the  dikes  reaching  from  the  foot 
of  Baleshed  Bar  to  the  head  of  Stack  Island,  and  the  short  dikes  on  the  opposite  side 
of  the  river  at  Elton. 

The  proposed  channel  at  the  head  of  Stack  Island  was  projected  through  the  crest 
of  Hopewell  Bar,  and  the  change  here  has  been  a  remarkable  one.  The  Stack  Island 
Chute  next  the  Mississippi  shore  was  80  feet  deep  at  low  water.  The  Elton  Chute, 
along  the  opposite  or  Louisiaua  shore,  was  also  deep,  exceeding  30  feet  at  low  water, 
and  the  Hopewell  Bar  filled  up  the  greater  part  of  the  main  projected  channel- way. 

An  open  dike  was  built  above  the  head  or  Stack  Island  on  toe  crest  of  the  crossing 
or  weir,  and  a  series  of  six  short  spur-dikes  across  the  head  of  the  Elton  Chute.  At 
high  water  tbese  dikes  induced  a  deposit,  as  shown  on  the  map  of  the  April  snrvev 
herewith,  and  the  main  river  cut  its  channel  to  the  right  of  the  island,  as  projected, 
removing  immense  deposits  of  sand.  For  some  time  this  main  channel  was  more 
shoal  than  either  of  the  chutes  next  shore,  or  the  river  ran  in  a  trough  excavated 
throuch  a  mound  in  the  middle  of  the  river.  The  tendency  is  to  cut  across  the  nar- 
row ndge  at  the  head  of  Stack  Island,  and  to  fall  back  into  the  deep  trough  behind 
that  island. 

The  dike  work  so  far  built  here,  at  Stack  Island  and  Elton,  is  insignificant  in  char- 
acter and  must  be  very  materially  extended  and  made  both  stronger  and  less  permea- 
ble in  order  to  pei^aaneutly  keep  the  river  out  of  the  chute. 

Although  the  works  have  been  nearly  altogether  open  pile-dikes,  the  effects  on  the 
reach  have  been  very  marked  in  deepening  the  channel. 

During  the  last  low  water  there  was  a  good  channel  not  less  than  15  feet  in  depth 
throughout  the  reach,  and  navigation  was  without  a  hindrance  anywhere. 

There  are  attached  hereto  tables  giving  all  the  work  done  on  the  reach,  prepared 
by  Assistant  Engineer  Hider,  who  has  also  given  a  detailed  description  of  all  con- 
structions used. 

The  machines  and  appliances  used  on  the  work  have  been  the  same  as  heretofore, 
with  the  exception  of  an  appliance  for  holding  the  head  of  a  mattress  in  swift  water 
doriuff  construction,  and  until  it  is  safely  Sunk  to  the  bottom  of  the  nver.  This  con- 
sists of  a  strong  truss  floating  at  the  head  of  the  mattress,  to  the  lower  chord  of  which 
the  mattress  is  attached  every  8  feet  by  rings  and  tripping-hooks,  the  latter  of  which 
can  all  be  tripped  simultaneously  by  a  rod  attached  to  a  lever  at  the  shore  end  of  the 
tmss  and  the  truss  released  from  the  mat.  A  modification  of  the  hurdle-mattress 
has  also  been  found  necessary  in  the  deep  and  swift  currents  encountered.  This  mod- 
ification consists  in  running  ulongside  the  poles  on  which  the  mattress  is  woven  con- 
tinuous lines  of  iron  rods,  25  feet  in  length,  connected  by  lap-rings  and  clevises,  the 
rods  ranging  in'diameter  from  f  to  f  of  an  inch.  Drawings  and  descriptions  of  this 
mattress  and  mattress-head  are  herewith.  They  have  "been  used  successfully  at  Pil- 
oher's  Point,  as  may  be  seen  from  Assistant  Engineer  Turtle's  report  herewith. 

The  detachable  mattress-head  is  a  great  assistance  in  sinking,  without  danger,  the 
heads  of  continuous  mats  in  swift  currents. 

Modifications  have  also  been  found  necessary  in  the  pile-dikes,  which  are  now  pro- 
vided with  thick  foot-mats,  and  are  built  of  three  rows,  sometimes  of  five  rows,  in  all 
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exposed  places.  In  three-row  ciosft<4ikee  the  wattling  is  placed  on  the  middle  row,  or 
along  the  middle  line  of  the  foot-mat.  In  five-row  dikes  it  is  proposed  to  wattle  the 
second  and  fourth  rows.  The  latter  constraotion  is  proposed  for  closing  chutes,  the 
two- wattled  rows  representing  two  cross-dikes  with  a  short  pool  between  them,  gain- 
ing the  advantage  of  wider  foot-mats  and  stronger  anchorage  over  two  cross-dikes  of 
leM  width  farrher  apart 

The  vertical  close  wattling  has  been  adopted  instead  of  inclined  mats,  or  curtaina, 
as  first  used,  on  account  of  tne  greater  cheapness  of  the  construction,  as  less  material 
is  required.  An  eddy  will  be  produced  under  the  lip  or  crest  of  the  wattling  when 
the  water  passes  over  the  wattling.  At  the  first  stages  of  the  fill  below  the  dikes 
there  will  be  a  trough  immediately  below  the  wattling,  due  to  this  eddy,  but  after  the 
fill  above  and  below  reaches  the  level  of  the  top  of  the  wattled  portion  of  the  dike 
these  troughs  will  evidently  fill  up  even  with  the  top  of  the  general  fill  and  the 
wattling  be  covered. 

All  the  results  accomplished  on  the  Lake  Previdenee  Reach  have  been  by  open 
dikes,  mostly  without  either  screens  or  foot-mats.  It  is  certain  that  the  currents  can 
be  reaueed  in  velocity  by  piles  alone  until  they  are  too  gentle  to  scour  much  at  the 
foot  of  the  dikes,  and  that  piles  alone  offer  sufficient  obstruction  to  cause  great 
fills  behind  them.  When  the  dikes  are  mattressed  at  tfae  foot  there  is  danger  that  if 
the  work  is  not  a  success  the  mats  will  remain  a  permanent  obstruction  to  naviga- 
tion. 

It  seems  that  it  is  better  to  secure  the  fill,  if  possible,  by  means  which  cannot  by 
any  possibility  be  damaging  if  they  fail,  and  afterwards,  with  ah  expenditure  oif 
much  less  material  than  necessary  to  mattress  and  wattle  or  curtain  all  the  dikes,  to 
mattress  onl^  the  proper  piurts  of  the  new  banks  secured,  or  else  in  the  first  construc- 
tion to  restrict  the  brush  work  to  important  parts  of  the  dikes  only.  The  neoessitj 
for  mattressing  and  wattling  pile  dikes  causes  great  delay  to  the  revetment  of  banks: 
causes  the  time,  labor,  material,  and  means  to  be  expended  to  protect  cottonwood 

Siles  that  can  last  but  two  years  at  best,  when  our  efforts  would  be  more  profitably 
irected  to  the  bank  work,  which  is  more  of  a  finality.  It  is  my  impression  that  no 
pile  work  is  worth  the  extra  expense  of  mattressing,  except  strong  dikes  plaoed  in 
chutes  to  close  them,  and  the  main  links  along  the  proposed  new  banks.  Those  for 
closing  chutes  should  be  built  of  cypress  piles,  well  braced  to  stand  any  pressure 
that  may  be  brought  against  them,  neavilv  mattressed  at  foot  against  scour,  and 
wattled  or  thickly  curtamed  to  form  permeable  or  submergible  dams. 

DRIFT-WOOD. 

During  the  early  part  of  the  rise  last  February,  fields  of  drift  were  brought  down 
by  the  flood  and  lodged  against  our  piling.  Most  of  this,  on  the  further  rise,  was  re- 
leased and  floated  past,  but  on  two  of  the  cross-dikes  on  Baleehed  Bar  there  were 
great  accumulations.  These  dikes  were  only  of  two  rows  of  piles,  not  provided  with 
mats  at  bottom,  and  but  insecurely  braced.  They  were  strengthened  by  additional 
rows  of  piles  driven  behind  them,  and  the  drift  held  by  them.  At  first  small  parts  of 
the  dikes  at  the  ends  were  broken  away,  but  it  has  not  been  ascertained  whether  by 
natural  scour  around  the  outer  ends  of  the  spur  dikes,  or  by  impact  of  drift.    The 

Sreat  mass  of  the  drift  accumulation  was  retained,  and  still  remains  above  these 
ikes.  Afterwards  drift  in  smaller  quantities  lodged  against  the  high  cross-dikes  in 
Baleshed  Chute,  and  in  one  or  two  cases  gaps  were  washed  out  in  the  dikes,  due  to 
its  infiuence. 

In  all  cases  where  cofuiderdble  quantities  of  drift  accumulated  at  high  water  there 
has  not  only  not  been  any  scour  under  the  drift,  but  there  has  been  a  considerable 
fill,  both  under  the  drift  and  below  it. 

The  action  of  the  drift  on  the  currents  and  dikes  seems  to  be  this :  If  in  small  quan- 
tities, extending  a  few  feet  only  above  the  dike,  and  of  moderate  depth,  it  acts  as  a 
bairier  with  an  aperture  underneath ;  the  head  of  water  is  increased  by  the  barrier 
and  the  current  under  it  directed  against  the  bottom  at  the  foot  of  the  piles,  which, 
under  these  circumstances,  if  not  protected,  are  likely  to  scour  out.  Wheu  tne  aoca- 
mulation  gets  larger  tfae  friction  of  the  drift  and  bottom  is  more  than  sufficient  to  kill 
the  current  due  to  the  hydrostatic  head  formed  b^  the  resistance  of  the  drift  to  the 
current,  flowing  down  upon  it,  and  the  water  flowing  under  the  drift  heap  runs  with 
less  velocity  than  before,  and  deposits  sediment.  The  main  body  of  the  water  then 
flows  off  along  the  sides  of  the  drift  ol>stroction,  and  endangers  the  piles  on  the  flanks 
of  the  accumulations.  A  small  qHaniitjf  of  drift,  then,  is  dangerous;  a  larae  quantitjf 
is  a  help  and  an  aid.  If  pile  dikes  are  then  built  sufficiently  strong  to  withstand  the 
impact  of  the  drift,  and  protected  at  foot  sufficiently  to  stand  the  scour  consequent 
upon  the  first  small  accumulations,  this  material  may  be  made  a  very  important  part 
of  our  resources  in  filling  up  chutes  and  building  bars. 

I  do  not  know  of  any  case  on  the  Providence  Reach  where  piling  yielded  to  premmriB 
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ofdr^fty  but  there  were  oases  where  dikes  were  broken  by  lihe  foroe  of  imiMot,  and 
othem  by  soonr,  esosed  by  small  drift  aooninalations.  There  are  other  oases  where 
the  flotation  of  drift  is  supposed  to  have  palled  piles  out  as  the  water  rose. 

FINANCIAL  8TATEMXNT. 

Lake  PnvidMU  Beack. 

Balance  from  previous  appropriations $13,573  85 

AUotmentnnderaot  of  August,  1868 660,000  00 

New  Madrid  allotment  (transferred) 187,500  00 

Additional  allotment  from  unallotted  reserve 112, 500  00 

td63,573  86 

Expended  by  Captain  Marshall,  fit>m  July  1, 1882,  to  December  1,  1882: 

PUntand tools $23,068  48 

Piles,  ooal,  dtc 3,873  15 

Services \    46,061  80 

Tow-boat  service 5,492  03 

Subsistence 6,968  33 

Miscellaneous 1,611  44 

Total 87,075  23 

Expended  by  Captain  Marshall,  from  December  1, 1882,  to  November  1, 


Plant  and  tools $63,766  26 

Brush,  piles,  &c , 77,516  84 

Services:  Construction 152,050  43 

Surveys 7,222  07 

Office  and  headquarters 10,433  64 

Tow-boats  (including  charter) 17,454  11 

Snag-boat 625  32 

Medical  attendance  (including  drugs) 1, 626  06 

Subsistence 22,774  61 

Miscellaneous  (including  transportation,  traveling  ex- 
penses, d&c) 7.170  02 

Total - 360,639  36 

Expended  by  Captain  Marshall: 

From  July  1,  1882  to  December  1, 1882 $87,075  23 

From  December  1,  1882,  to  November  1, 1883 360,639  36 

447,714  59 
Expended  by  Captain  Sears ^...    359,531  33 

Total  expenditures \ 807,246  92 

Balance  Available  November  1, 1883 156,327  93 

Bidance  in  Treasury 137,000  00 

Balance  in  hands  of  Captain  Sears 4,700  78 

Balance  in  hands  of  Captain  Marshall 14,627  15 

156«327  93 
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The  following  expenditnres  were  made  by  the  executive  officer,  Mississippi  River 
CommifisioD,  for  floating  property,  &,c.,  for  use  on  Lake  Providence  Keacb : 


Description. 

1 

2 

PiratcoBt, 
each. 

Total  cost 

Date  of  payment. 

Marka  and  numbers. 

BargM 

11 

8 
2 
1 

4 

$2,000  00 

2,400  00 
1,080  00 
1,300  00 
2,000  00 

$22,000  00 

10,200  00 
8,920  00 
1,300  00 
8.000  00 

Dec.,  1882,  to  Mar.,  1883. 

Jan.  to  Mar.,  1888 

June.  1883 

88,91,154;'6,'«.%V». 
58,60. 

Mar.,  1883 

104. 

If ot  ikno^vn 

185, '6, '7, '8. 

June  to  Aug.,  1883 

Jan.,  1883 

Total 

28 

54,420  00 

MattroM-boats 

2 
1 
4 

8.000  00 
17,404  00 
4,000  00 

13,800  00 
17,404  00 
18,000  00 

30  31. 

Steam  tow-boat 

Quarter-boats 

Apr.,  1683 

21, '2, '8. '4. 

Jan.,  1883 

RVf  fp^  with  piim 

6 

10 
8 

20  00 
20  25 
25  50 

100  00 
202  50 
204  00 

Jnly,1883 

Aug.  1883    

June,  1883  --. t»t..,. 

Total 

23 

608  50 

Electrio  Ught  and  outfit. 
AnchoTS 

T 

038  50 

938  50 

365  58 

3,920  10 

Mar.  to  Apr.,  1883 

Jan.  to  June,  1888 

Oatfit  of  quarters,  boata 
and  other  plant 

^ 

Total 

107,854  88 

Barges  Nos.  135, 136, 137, 138,  in  use  on  Lake  Providence  Reacb,  were  paid  for  oat  of 
Memphis  allotment;  four,  at  t^,000=|8|000. 

This  list  does  not  include  plant  bought  for  general  service  out  of  Lake  Providence 
allotment. 

•  REVSTMEXT  AT  DELTA  POINT. 

This  work  during  the  last  year  was  carried  on  under  the  immediate  direction  of 
Assistant  Engineer  H.  St.  L.  Copp^e,  and  was  a  continuation  of  the  work  begun  in 
1878,  under  the  supervision  of  Maj.  W.  H.  H.  Benyaurd,  Corps  of  Engineers,  in  accord- 
ance with  the  recommendation  or  the  Board  of  Engineers  upon  the  Restoration  of  the 
Harbor  of  V icksbnrg,  published  in  the  report  of  the  Chief  of  Engineers  for  1878. 

The  report  of  Mr.  Copp^  herewith  is  full  and  details  at  length  the  work  done. 

A  description  of  the  methods  employed  was  given  by  Mr.  Copp^  in  the  last  annual 
report  of  the  Commission,  at  whicn  time  about  1,100  feet  of  the  work  was  completed. 
From  the  date  of  that  report  ^December  1.  1882)  work  progressed  continuously  until 
February  10, 1883,  when  the  allotment  had  oeen  expended.  The  plant  was  then  trans- 
ferred to  Wilson's  Point,  La. 

The- work  during  the  past  year  was  carried  on  in  the  same  manner  as  described  in 
the  former  report,  with  tne  exception  that  the  piles  through  the  shore  edges  of  the 
mats  were  omitted,  in  order  that  if  high  water  should  find  the  work  incomplete,  con- 
tinuous mats  might  be  sunk  without  interruption,  overlapping  the  low-water  mat- 
tress, and  with  tne  further  exception  that  a  mud  fiat  some  250  feet  wide,  below  the 
old  bank,  was  not  revetted  above  the  12-foot  stage ;  also  the  upper  bank  revetment 
of  the  last  625  feet  consisted  of  a  woven  hurdle-mat  sunk  at  hi^h  water,  reaching  to 
the  32-foot  stage,  instead  of  the  usual  upper  bank  revetment  which  could  not  then  be 
placed. 

The  work  was  carried  several  hundreds  of  feet  below  the  head  of  the  sand-bar  at  the 
point  at  low  water. 

The  low  water  just  passed  revealed  that  the  work  done  under  the  Commission 
stood  intact,  but  that  the  mud  flat  mentioned  above  should  be  covered  with  brush 
and  stone  to  prevent  a  possible  eddy-cut  around  the  revetted  old  bank. 

A  small  portion  of  the  dike  built  in  1879  at  the  projecting  point  itself  has  fallen  in, 
due,  probably^  to  the  rotting  away  of  the  thick  orush  mats  of  which  the  dike  was 
principally  built.  In  all,  about  500  linear  feet  of  brush  and  stone  patch-work  should 
DC  done  to  secure  the  work  against  another  flood.  In  all,  about  4,000  feet  of  revet- 
ment measured  along  the  bank  was  laid,  costing,  including  additional  quarters  on 
shore,  one  quarter-boat^  and  the  redeckJiig  of  one  barge,  towing,  superintendenocy 
tools  transferred  to  Wilson's  Point,  La.,  &c.,  ^5,762.49,  or  $18.75  per  linear  foot. 
Mr.  Copp^  estimates  the  actual  cost  of  labor,  subsistence,  towing,  and  material  aa 
$13.37  per  linear  foot,  as  the  actual  cost  of  the  work  done. 
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FUf  ANCIAL  STATBMSNT. 

By  act  approved  June  18, 1878 $84,000  00 

By  act  approved  Maroh  3, 1879 50,000  00 

By  act  approved  June  14,  18d0 20,000  00 

By  act  approved  March  3, 1881 75,000  00 

By  allotments  from  appropriation  for  improving  MisBisaippi  River,  An- 

guat2,  1882 50,000  00 

Total t..    279,000  00 

Expended  prior  to  December  1,  1882 231,242  17 

Balance  available  December  1, 1882 47.757  83 

Expended  since  December  1, 1882:  # 

For  plant  and  tools $1,335  39 

For  services 22,781  45 

For  subsistence 6,318  46 

For  stone  and  coal 12,260  92 

For  charter  of  tow.boats,&c 3,408  37 

For  ofiSce  supplies 257  57        ^ 

Miscellaneous  (including  traveling  expenses,  transporta- 
tion, quarters,  mule  hire,  &c) ^. 1,388  03 

Total 47,750  19 

Balance  available  November  1, 1883 7  64 

DREDGING  IN  VICK6BURG  HARBOR. 

Under  the  allotment  of  $100,000  made  by  the  Commission  from  the  general  appro- 
priation for  improving  Mississippi  River,  and  the  project  adopted  by  them  September, 
1882,  bids  were  solicited  for  dreaging,  and  received  and  opened  just  before  the  date 
of  the  last  annual  report.  An  abstract  of  the  bids  received  was  published  in  the  last 
report  of  the  Commission. 

The  project  for  this  work  was  to  excavate  a  basin  300  feet  wide,  1,700  feet  long  in 
front  or  the  elevator ;  a  canal  150  feet  wide  £rbm  this  basin  to  deep  water  in  the  lake, 
and  to  keep  open  the  west  entrance  to  the  lake.  The  dredging  to  be  done  to  the 
zero  of  the  VioKsburg  gau^e. 

The  lowest  responsible  bidder  for  this  work  was  Mr.  Rittenhouse  Moore,  of  Mobile, 
Ala.,  12.1  cents.  The  next  lowest,  S.  N.  Kimball,  of  Mobile,  Ala.,  at  18f .  The  third, 
Fobes  &.  Co.,  of  Baltimore,  Md.,  at  19  cents  per  cubic  yard.  Of  the  three,  Moore 
stated  that  he  could  not  begin  work  until  February  10 ;  Kimball  was  not  provided 
with  plant,  and  Fobes  Sc  Co.  expressed  their  abilitv  to  complete  the  work  by  June  30. 

As  the  possible  success  of  the  entire  project  for  the  year's  work  depended  upon  the 
rapidity  with  which  the  work  could  be  done,  and  it  was  especially  necessary  that  it 
should  be  completed  before  the  decline  of  the  water  that  could  be  expected  in  July, 
it  was  reconmiended  that  the  work  should  be  divided ;  one-half  to  Moore  at  his  bid, 
and  the  other  half  to  Kimball  or  Fobes  A  Co.,  at  their  prices.  The  entire  contract 
was  awarded  to  Rittenhouse  Moore,  of  Mobile,  Ala.,  the  lowest  responsible  bidder, 
who  was  unable  to  be^in  at  the  time  required,  prosecute  the  work  with  the  vigor  re- 
quired under  the  specifications,  or  complete  it  within  the  time  specified.  The  work 
by  the  contractor  was  not  begun  until  April  5, 1883,  and  was  prosecuted,  with  many 
delavs,  until  September  18,  1883,  when,  on  account  of  the  rapid  decline  of  the  river, 
the  dredging  was  necessarily  suspended,  less  than  one- half  the  required  work  having 
been  penormed. 

For  reasons  to  be  given  hereafter  in  this  report,  the  contract  was  then  allowed  to 
expire,  350,035  cubic  yards  having  been  removed. 

During  the  period  covered  by  the  dredging  operations,  the  basin  was  excavated 
down  to  the  zero  of  the  gauge  for  a  width  of  IW  feet,  and  four  additional  cuts ;  or  160 
feet,  taken  down  to  the  +5'  plaoe,  80  feet  in  width  of  the  canal  was  excavated  to 
the  zero  plane,  and  an  attempt  was  made  to  excavate  the  West  Pass,  which  since  the 
previous  low  water  had  filled  until  the  depth  of  cut  required  was  about  17  feet.  Tke 
attempt  failed  for  want  of  proper  facilities  for  removing  the  material  excavated,  which 
was  of  pure  sand,  and  the  work  there  was  ordered  abandoned  by  the  construction  com- 
mittee Mississippi  River  Commission,  August  22, 1883. 

In  consequence  of  the  failure  of  the  dredging  operations  at  West  Pass,  and  the  in- 
complete condition  of  the  basin,  the  wharf- ^at  was  removed  from  the  upper  landing 
to  Kleins  ton,  August  7, 1883,  when  the  river  stood  at  23.7  feet  on  the  Yicksburg  gauge, 
and  the  minor  boats  were  excluded  from  the  harbor  a  few  days  later,  or  after  tne 
river  reached  the  20»foot  stage  at  Yicksburg. 
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On  the  decline  of  the  water  helow  the  edges  of  the  ezcaTated  area  extenslye  sloagh- 
ing  and  sliding  inwards  of  the  mnd  deposit  composing  its  side  took  place,  and  on 
account  of  its  semi-flaidity,  or  nlasticity,  the  weight  of  the  hanks  themselves  caused  an 
npheayal  at  the  bottom  nntil  tne  slopes  reached  the  inclination  of  i,  t'tr»  ^n^  ^^  places 
if(j.  This  npheayal  was  greatest  in  the  deepest  part  of  the  excavation,  on  acconot  of 
the  weight  of  the  high  deposit  along  the  Yicksburg  front,  which  sank  down  vertically 
fiom  6  to  8  feet.  The  npneaval  here  amounted  to  as  much  as  8  feet.  This  material 
was  again  removed  to  the  sero  plane  for  a  width  of  80  feet  hy  the  dredge  prior  to 
stopping  work. 

The  sides  of  the  excavated  area  axe  now  quite  regular,  with  nearly  uniform  slopes 
of  one  vertical  to  eight  horizontal. 

The  efflux  of  water  through  the  narrow  and  shallow  cut  made  by  the  dredge  at  the 
West  Pass  was  sufficient  to  keep  the  sand-bar  cut  down  as  the  nver  fell,  and  small 
boats  began  again  to  make  their  appearance  in  the  harbor  on  the  first  rise  of  three 
and  a  half  feet.  At  the  l^foot  stace  steamers  drawing  5  feet  of  water  now  land  at 
the  wharf-boat  landing  in  front  of  the  city,  turn  in  the  basin,  and  go  out  through  the 
oanal  and  cut  at  the  West  Pass.  Larger  boats,  it  is  expected,  will  make  their  ap- 
pearance at  a  lower  stage  of  water  than  for  several  years.  To  this  extent  the  dredg- 
ing has  been  a  success,  and  the  benefits  so  far  secured  will  probably  more  than  repay 
the  expenditnre,  if  the  West  Pass  does  not  fill  up  at  once  with  sand  on  the  first  rise. 

The  rapid  filling  of  the  harbor  on  the  declining  river,  as  well  as  the  unexpectedly 
flat  slopes  assumed  by  the  sides  of  the  dredji^  area,  making  it  evident  that  the  cost 
^of  the  present  project  would  be  very  materially  greater  than  contemplated,  and  tem- 
porary advanti^^  from  dredging  during;  the  present  low- water  season  beinjg  doubtful, 
it  was  recommended  to  the  Commission  that  the  present  contract  for  dredging  he 
allowed  to  expire  on  the  date  specified  therein  and  the  work  abandoned;  which  rec- 
ommendation was  approved  so  fai  as  to  terminate  the  contract. 

Early  in  September  a  survey  party  was  oivanized  by  Assistant  Engineer  Copp^ 
and  in  accordance  with  the  resolutions  of  the  Commission  passed  in  June,  1883,  a  low- 
water  survey  of  the  area  adiaeent  to  the  proposed  works  was  made.  The  results  of 
the  survey  are  stated  in  full  in  Mr.  Copi>ee's  report  herewith. 

The  mam  facts  thereby  shown  are  these : 

There  has  been  a  fill  within  the  area  covered  by  the  proposed  canal  and  basin 
ranging  from  five  feet  to  twenty  feet  in  depth,  the  greatest  fill  being  near  the  river. 

This  fill  within  the  limits  of  the  proposed  oanal  amounts  to  l,2&5,486.4  cubic  ymrds, 
or  the  amount  to  be  removed  has  been  increased  that  much  by  the  cause  mentioned 
in  the  past  year. 

The  river  has  been  thrown  over  against  the  bar  at  the  West  Entrance,  and  has  cut 
down  a  deep  tongue-shaped  trough  tbroueh  the  center  of  last  year's  bar,  cut  down 
its  crest  near  the  Mississippi  shore,  and  piled  up  a  barrier  with  a  nearly  horizontal 
crest  across  the  southwest  end  of  the  lake.  The  tendency  of  the  river  is  to  cut  aWay 
Toung's  Point  and  the  sand- bar  above  Delta,  and  make  its  bend  further  in  towards 
Yicksburg,  lengthening  its  radius  of  curvature.  This  change  will  necessitate  more 
extensive  revetment  of  banks  above  Delta  to  protect  the  work  already  done.  The 
amount  of  the  change  will  not  probably  materially  shorten  the  distance  fit>m  Yicks- 
burg to  deep  water  for  many  years. 

The  increased  eddy  current  around  De  Soto  Island,  and  the  consequent  increased 
fill  in  the  harbor  of  Yicksburg,  results  directly  from  the  changes  at  Young's  Point. 
This  current  will  evidently  increase  as  the  water  is  thrown  further  in  towaras  Yicks- 
burg, until  the  access  of  water  to  the  lake  is  entirely  cut  off  by  tbe  deposit.  The 
river  is  now  rapidly  developing  its  new  high- water  shore-line  across  the  ends  of  the  lake. 

Soundings  made  in  May  revealed  at  that  time  an  averaee  fill  of  only  about  one  foot 
on  the  Yicksburg  front,  so  that  the  great  fill,  shown  by  Copp^'s  recent  survey,  took 
place  principally  on  the  decline  of  the  water  after  June  1.  This,  if  it  always  happens, 
IS  a  verv  important  fact  in  connection  with  further  dredfflng  operations  in  the  harbor. 
For  if  the  bulk  of  the  annual  fill  must  be  removed  each  yeiar  after  June  1,  or  on  tbe 
decline  of  the  river,  which  is  always  rapid,  or  during  low  yrater,  the  project  to  main- 
tain continuous  navigation  by  annual  dredging  would  seem  impracticable,  for  the 
deposit  in  that  case  does,  not  take  place  before  its  removal  is  necessary,  nor  can  it  be 
removed  much  before  the  rise  in  the  river  in  the  late  fall  restores  navigation.  The 
most  that  seems  practicable  by  dredging  alone  under  these  conditions  is  to  prolong 
the  season  of  navigation,  and  to  hasten  the  return  each  year  of  the  steamers  to  the 
Upper  Landing. 

It  will  therefore  be  necessary  to  introduce  some  scouring  force,  as  the  Tazoo  River, 
or  to  effect  the  third  and  final  step  proposed  by  the  Board  of  Engineers  of  1877,  in 
order  that  a  current  outwards  may  be  had  to  prevent  ingress  of  mud  and  to  keep  a 
channel  scoured  out. 

If  this  is  to  be  done  by  annual  appropriations  these  appropriations  must  be  suffi- 
cient to  allow  the  annual  fill  during  the  progress  of  the  work  to  be  removed — at 
present  rates  this  will  cost  over  |2m),000  per  annum^and  also  at  the  same  time,  to 
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avoid  this  reonrring  ezpenie,  to  make  rapid  progress  on  the  maiu  work  itself 
{.  e.,  the  excavation  of  the  channel  for  the  Tazoo  irom  Old  River  to  Centennial  Lake, 
Mid  from  Centennial  Lake  to  deep  water  in  the  river. 

In  the  estimates  prepared  by  the  Board  of  Eogineers  in  1877  the  cost  of  the  diver- 
sion of  the  Yazoo  via  the  dead  end  of  Old  River  is  placed  at  1 1|600,000.  The  removal 
of  the  deposit  from  the  line  of  the  canal  is  estimated  (now)  to  cost  1766,000,  with  a 
probable  annual  expenditure  to  maintain  an  open  canal  of  about  ^QOOfiOO,  or  say,  if 
the  Work  be  done  simultaneonalv  and  at  once,  $2,600,000.  The  assessed  valaation  of 
the  city  of  Yioksburg,  real  estate  only,  was  for  last  year  (1H82)  $2,4.59,000.  The 
present  steamboat  landing  is  about  4,800  feet  below  the  elevator.  Annual  value  of 
the  commerce  of  the  city,  about  $10,500,000. 

There  is  still  another  scheme  which  finds  favor  in  Yicksburg — as  does,  indeed,  any 
plan  for  restoring  its  water  front — and  it  is  this,  that  since  the  river  has  now  deter- 
mined that  Yicksbarg  is  on  the  dead  end  of  the  cut  oS,  and  the  expense  of  damming 
off  the  Mississippi  mud  at  that  end  is  small  compared  with  the  expense  of  dredgins 
out  the  deposit,  let  the  Yazoo  be  diverted  and  allowed  to  go  out  at  the  West  Pass  and 
a  boat  passage  be  drodeed  from  the  city  front  to  the  deep  water  in  the  then  live  end 
of  the  lake.  This  would  reduce  the  probable  expense  about  one-third  and  allow  the 
diversion  of  the  Yazoo  to  be  made  with  advantage  to  the  city  prior  to  excavating  the 
necessary  basin  and  canal  from  deep  water  in  the  lake  along  the  city  front  to  deep 
water  in  the  river,  or  it  would  make  the  two  works  independent  of  each  other.  The 
disadvantages  of  placing  the  town  at  the  dead  end  of  the  cut-off  are  evident,  but  the 
scheme  is  advantageous  fh>m  the  above  considerations  and  from  the  farther  fact  that 
it  is  not  opposed  tu  the  canal  for  the  Yazoo  ultimately  along  the  city  front,  the  west 
entrance  requiring  only  to  be  stopped  for  one  low- water  season,  and  the  canal  in  front 
of  the  city  to  be  prosecuted  to  completion,  to  effect  this  end  as  proposed. 

If  this  scheme  were  executed  it  would  be  advantageous  to  put  all  dredged  material 
along  the  crest  of  the  mud-bar  and  across  the  line  of  the  proposed  canal  in  front  of 
the  town,  near  Ryan's  mill,  to  shut  off  ingress  of  muddy  water,  where  it  now  requir«« 
a  dam  from  16  to  24  feet  in  height  to  entirely  close  that  line  at  ordinary  hish  water. 
The  west  arm  of  the  lake,  formed  by  the  cut  off,  is  gradually  shoaling  behind  the  bar, 
and  here  also  there  might  be  considerable  dredeing  required  before  the  deposit  is  of 
anfflcient  depth  to  allow  a  defined  channel  for  the  diverted  river,  or  rather  before  the 
new  banks  of  the  Yazoo  are  formed  by  the  contraction  due  to  ihe  slow  dei>osit. 

Every  scheme,  however,  having  in  view  the  diversion  of  the  Yazoo  or  the  execution 
of  a  canal,  involves  annual  dredging' to  maintain  the  proposed  works.  At  the  present 
mouth  of  the  Yazoo  this  past  low  water  there  was  only  four  feet  of  water.  Boats 
drawing  three  feet  struck  and  encoantered  difficulty,  and  it  is  not  to  be  presumed 
^at  it  will  be  deeper  at  the  proposed  mouth. 

The  training  of  the  Mississippi  b^  deflecting  or  silting  dikes  and  revetments  above 
Delta  Point  and  at  Young's  Point  is  also  proposed  for  the  purpose  of  bringing  the 
river  farther  in  towurds  the  town,  bnt  the  cost  and  result  of  such  works  are  still  more 
problematical  and  less  adapted  to  close  estimates;  the  works  would  be  tentative  and 
costly.  It  is  practicable,  however,  to  maintain  the  river  where  it  is,  at  least  for  many 
years,  and  it  is  to  this  work  that  it  seems  advisable  to  direct  our  efforts  until  doubt 
as  to  the  sufficiency  of  the  works  for  that  end  is  removed. 

With  reference  to  the  further  prosecution  of  work  here,  then,  the  following  propo- 
sitions have  been  made,  and  are  given  in  the  order  of  cost : 

1st.  Abandon  the  '* restoration''  of  Yicksburg  Harbor  and  maintain  the  low-water 
landing  at  Kleinston,  4,800  feet  below.  This  requires  constant  watching  and  care  of 
Delta  Point,  and  an  extension  of  the  revetment,  after  the  bar  above  has  cut  away  as 
far  up  stream  as  the  head  of  the  caving  in  this  bend.  All  other  projects  also  require 
this. 

8d.  Scrape  or  dredge  the  bar  at  West  Entrance  sufficiently  to  detarmine  the  line  of 
cutting  down  due  to  the  efflux  of  water  during  the  falling  stages,  to  allow  an  earlier 
return  of  vessels  to  the  Yicksburg  front.  This  will  require  also  dredging  in  the  basin 
and  canal  dredged  this  year  to  a  greater  or  less  extent,  as  it  fills  up.  No  estimate  can 
be  made,  but  it  will  probably  not  be  less  than  $30,000  per  annum  afteir  the  first  year. 
Temporary. 

3d.  Divert  the  Yazoo  into  Centennial  Lake,  and  allow  its  current  to  flow  out  at  West 
Pass,  and  keep  present  canal  and  basin  dredged.  Approximate  cost,  $1,850,000,  flrst 
cost,  and  annnal  dredging  in  canal,  basin,  and  West  Pass  to  maintain  it.  If  the 
hi^h-water  discharge  of  the  Yazoo  must  be  controlled,  this  estimate  will  be  increased. 
This  condition  wonld  make  the  scheme  impracticable. 

4ih.  Divert  the  Yazoo,  close  the  West  Pass,  and  dredge  canal  and  basin  in  front  of 
the  city.  Estimated  at  $2,600,000,  with  annual  dredging  at  mouth  of  canal.  Same 
remark  concerning  high- water  control  of  the  Yazoo. 

The  condition  that  the  navigation  of  the  Yazoo  shall  not  be  interfered  with  by  the 
works  wonld  introduce  additioxial  difficulties  in  the  execution  of  any  scheme  involvings 
divenion  of  the  Yazoo. 
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The  ooet  of  ^ny  work  for  the  permanent  restoration  of  the  harbor  of  Vicksborg  is  so 
great  in  comparison  with  the  valne  of  the  general  commercial  interests  inTolved  that  I 
am  unable  to  make  any  recommendation  in  the  matter,  but  the  scheme  for  leaving  Vlcks- 
burg  at  the  dead  end  of  the  lake  seem^  the  least  expensive  way  of  affording  even  partial 
relief  during  declining  and  low-water  stages.  The  filling  in  rear  of  the  hat  at  the  West 
Entrance  wUl  soon  render  it  so  wide  and  of  such  material  that  the  out&ow  of  water  will 
&il  to  perform  the  work  noted  this  year.  The  cutting  out  there  during  the  past  low 
water  results  from  the  fact  that  the  bar  was  very  narrow  and  of  pure  sand,  without  any 
cohesion  whatever  between  its  particles.  When  mixed  with  mud,  like  the  material  in 
rear  of  the  bar,  this  cutting  will  be  veiy  much  reduo^.  A  widening  of  the  crest  of  the 
bar  will  also  have  the  same  effect,  for  the  increased  friction  may  probably  even  convert 
the  bar  into  a  dmn  before  the  force  of  the  outflow  on  the  decline  can  roll  the  sand  out  of 
the  way  or  cut  through  the  mud  deposits  in  rear. 

FINANCIAL  STATElfEKT. 

Amount  allotted  for  dredging  in  Yicksbuig  Harbor $100, 000  00 

Expended — 

For  contractor's  estimates _'. 138,118  82 

For  services ,.      5,698  32 

For  advertising , _ 105  94 

For  office  supplies... —  100  46 

For  miscellaneous 498  86 

Total  expenditures _ 44,522  40 

Balance  available  November  1,  1883 55,477  60 

OONSTBfUCTIOK  AND  BEPAIB  OF  THB  LEVEES  OF  THE  MISSISSIPPI  RIVEB,  TENSAS  AND 

YAZOO  FRONTS. 

A  complete  list  of  the  levee  contracts  awarded  by  the  War  Department,  in  accordance 
with  the  recommendations  of  the  Board  of  Engineers  that  convened  at  Memphis,  Tenn., 
September  4, 1882,  was  published  in  the  annual  report  of  the  Mississippi  River  Oommis- 
sion  for  1882. 

As  the  contracts  were  dated  October  3  and  October  23,  1882,  the  contractors  had 
barely  commenced  operations  at  the  date  of  the  last  annual  report  of  the  commission, 
and  for  that  reason  the  entire  work  done  under  these  contracts,  and  under  the  last  ap- 
propriation, is  reported  in  this  report. 

In  the  latter  part  of  November  and  in  December,  greatly  increased  forces  were  placed 
upon  the  various  works  by  the  contractors,  who,  as  a  rule,  energetically  and,  considering 
the  short  time  during  which  work  could  be  done,  successfully  prosecuted  their  works, 
until  interrupted  by  the  flood  of  February  and  March,  1883. 

The  great  bulk  of  the  earthwork  had  at  that  time  been  put  in  place,  but  the  follow- 
ing-named levees  were  caught  in  an  incomplete  condition,  and  some  losses  were  en- 
countered: 

On  the  Tensas  front,  in  Arkansas,  the  Panther  Forest  levee  had  been  completed  except 
the  sodding,  and  a  large  patt  of  this  also  was  in  place  when  it  yielded  to  the  pressure 
during  a  rain-storm  on  February  22,  and  during  the  flood  2  miles  of  the  4,  or  about 
85,000  cubic  yards,  washed  away.  The  amount  of  funds  assigned  to  this  levee  was  in- 
sufficient to  build  it  of  sufficient  height  or  cross-section  to  witl&tand  the  pressure  of  the 
water  upon  the  materiiJ  composing  it.  This  was  a  very  light,  fine  silt  deposit  from  the 
river,  which  water,  in  its  unsettled  state,  soon  converted  into  a  semi-fluid  paste.  The 
levee  be^m  sloughing  at  rear  and  was  speedily  broken  through.  The  '*  retained  per- 
centage'' has  not  been  paid  to  the  contractot^  The  levee  would  inevitably  have  been 
carried  away  whether  the  ^^  sodding,"  which  really  is  only  a  planting  of  grass  sprouts  at 
considerable  intervals,  had  been  done  or  not.  The  contractor  was  a  planter  immediately 
behind  the  levee,  who  took  the  contract  to  insure  its  timely  completion. 

In  Louisiana,  on  the  Tensas  front,  the  '*  Wilton  to  Raleigh ''  levee,  the  largest  and 
most  important  work  of  the  kind  in  the  district,  was  caught  by  the  flood  in  an  incom- 
plete state.  Of  tJie  4  miles  of  the  line  nearly  2  miles  had  been  untouched.  The  work 
had  been  purposely  prosecuted  so  as  to  throw  this  incomplete  portion  of  the  levee  be- 
hind a  remnant  of  the  old  levee  some  1,200  to  1,800  feet  nearer  the  river,  in  order  that 
if  floods  threatened  wings  or  flanks  might  be  thrown  back  to  this  old  levee  as  a  curtain. 
Immediately  upon  the  occurronce  of  the  great  flood  in  the  Ohio  River  an  order  was 
issued  to  the  contractors  to  hasten  the  construction  of  these  works  of  protection,  which 
required  some  35,000  cubic  yards  of  earth,  to  complete.    The  upper  wing  was  completed 
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in  time  to  preserve  the  heavy  backshot  levee,  dosing  the  ''Alsatia''  crevasse;  bnt  the 
lower,  closing  the  Edgwood  and  Illawara  crevasses,  was  ourried  away  in  a  wind  and  rain 
storm  daring  the  night,  and  there  resulted  to  the  contractor  a  loss  of  about  32,600  cubic 
yards  of  earthwork.  The  river  having  determined  a  new  channel  through  the  chute  of 
Island  97,  the  win^,  proposed  last  vdnter  as  protection  works,  are  now  made  parts  of 
the  main  line,  the  old  levee  in  front  being  enlso^ed  and  used  also  as  part  of  the  main 
line. 

<*  Om^a  to  Milliken's  b^nd  *'  levee,  Louisiana,  another  large  and  important  work,  was 
also  in  an  incomplete  condition,  and  the  saving  it  was  rendered  still  more  difficult  by 
the  fact  that  vrater  collected  behind  the  levee,  which,  vrith  the  river  pressing  in  front  of 
it,  cut  off  a  supply  of  material  with  which  to  raise  it.  Barges  were  sent  down  from  the 
works  at  Wilson's  Point,  and  by  strenuous  efforts  the  tq[>  of  the  levee  was  kept  above 
water  by  material  transported  frbm  a  distance,  and  the  entire  work  saved. 

Also  at  *'  Delta  to  Bedford's  "  levee,  six  miles  in  length,  a  gap  of  1,100  feet  was  un- 
touched. Backwater  from  the  Diamond  Island  crevasses  shut  off  access  to  it,  and  the 
water  began  ruxming  throng  low  places  in  the  banks  in  front.  Here  a  line  of  protec- 
tion levee,  nearly  three  miles  long,  along  the  edge  of  the  river  bank  was  built,  which, 
as  soon  as  the  situation  allowed,  was  reduced  in  length  to  about  one-half  by  a  cross-levee 
to  the  main  work,  built  by  hired  labor.  This  long  line  several  times  gave  vray  in 
places,  but  the  gaps  were  in  each  case  promptly  closed,  and  the  work  saved. 

On  the  Yazoo  front,  in  Mississippi,  the  flood  found  the  levees  in  such  condition  that 
all  were  entirely  safe,  except  the  Longwood,  Skipwith,  and  Elleslie  levees,  at  each  of 
which  protection  levees  were  built. 

That  at  Elleslie  gave  way  from  a  storm  dashing  waves  against  it,  and  the  water  broke 
through  the  incomplete  main  line,  flooding  several  plantations  and  washing  out  2,600  cubic 
yards  of  earth  from  the  main  levee.  This  break  was  more  advantageous  than  otherwise  to 
the  flooded  lands.  The  banks  are  high,  and  the  water  on  thefirst  decline  of  the  river  was 
soon  excluded  by  a  second  protection  levee  along  the  site  of  the  first 

Appended  hereto  are  reports  of  Assistant  Engineer  H.  D.  Garden,  in  chares  of  the 
levees  on  the  Tensas  front  in  Louisiana,  and  of  Assistant  Engineer  George  M.  Helm,  in 
cfaai);e  of  the  Yazoo  levees  in  Mississippi,  which  give  in  condensed  form  information 
concerning  the  levees  built  in  the  district. 

As  the  &tter  gentleman  has  been  chief  engineer  of  the  Mississippi  Levee  Board  for  the 
past  two  years,  and  has  had  much  experience  in  levee  construction,  he  was  requested  to 
give  in  his  report,  for  the  information  of  the  Commission,  a  statement  of  the  work  done 
by  the  levee  district  authorities  during  the  past  eighteen  months,  and  also  to  submit  the 
best  practice,  as  shown  by  his  experience,  in  stopping  crevasses,  building  heavy  levees 
on  unstable  foundations,  and  revetting  the  ends  of  breaks  to  prevent  enlargement. 
Both  gentlemen  submit  estimates  for  raising  the  levees  in  their  charge  to  3  feet  above 
high-water  mark  of  1882. 

There  are  also  submitted  with  this  report  tables  showing  earthwork  built  in  the  dis- 
trict to  March  1,  1883,  or  in  four  months  prior  to  the  flood,  and  the  condition  of  the  levee 
work  under  the  various  contracts  November  1, 1883,  the  date  of  this  report.  From  this 
latter  table  it  appears  that  there  has  been  built  in  all,  including  the  small  amounts  re- 
turned in  last  annual  report: 

Cubic  yards. 

Tensas  front,  Arkansas 243,428.0 

Tensas  front,  Louisiana 1,001,734.0 

Yazoo  front,  Mississippi 1,193,281.1 

Total :._  2,438,443.1 

and  that  there  remains  to  be  done — 

,  'Cubic  yards. 

On  the  Tensas  front  in  Louisiana 09, 381. 6 

On  the  Yazoo  front 14,627.0 

114, 008. 6 

It  is  expected  that  work  vnll  be  completed  and  contracts  closed  by  December  1,  1883. 

In  all  cases  the  grades  of  the  levees  have  been  restricted  to  the  grades  of  the  old  levees, 
except  at  Wilton  to  Saleigh  where  the  bank  was  exceptionally  low,  and  the  levee  of  very 
diffioilt  construction,  from  the  nature  of  the  material. 

Another  break  here  would  make  it  still  more  difficult  and  costly  to  rebuild  the  levee, 
and  would  allow  enormous  quantities  of  water  to  escape  frt>m  the  channel,  the  ill  effects 
of  which  on  navigation  are  now  seen  just  below  the  present  crevasse,  at  Foster's. 

For  these  reasons,  the  grade  as  established  for  this  levee  was  placed  at  about  18  inches 
higher  than  that  of  the  levees  immediately  above  and  below,  which  were  on  high  ground, 
and  the  levee  across  the  sandy  part  of  the  line  built  of  increased  dimensions. 
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VIKAKCIAL  STATEMENT. 

TeMoa  front. 

To  amount  allotted ..' m $323,840  00 

To  amount  transferred  from  Tazoo  front ^ 85^000  00 

To  amoont  redepodted  on  account  of  error  in  voncher  45 _ 1  00 

Total 1 348,841  00 

Expended  prior  to  December  1, 1882: 

Contractor's  estlmateB $28,888  06 

Services 2,616  05 

Instniments 1,319  35 

Subsistence 177  93 

Miacellaneons ^ 637  20 

$33,638  69 

Expended  fh>m  December  1,  1882,  to  November  1,  1883: 

Contractor's  estimates $239,531  20 

Services 10,372  11 

Services  on  protection  levees  : 4, 662  79 

Instniments _ 282  75 

Subsistence 135  69 

Office  supplies 357  42 

Miscellaneous  (including  iMigs  used  on  pro- 
tection levees) 2,176  94  i 

257,518  90 

Total  expenditures - 291,157  49 

BaUmce  available  November  1,  1883 67,683  51 

Yazoo  front. 

To  amount  allotted $359,050  00 

By  amount  transferred  to  Tensas  front - 25,000  00 

Balance 334,050  00 

Expended  prior  to  December  1,  1882: 

Contractor's  estimates $28,435  49 

Services 1,511  00 

Miscellaneous 112  61 

$30,059  10 

Expended  from  December  1,  1882,  to  November  1,  1883: 

Contractor's  estimates ,.  $266,749  89 

Services 12,504  33 

Services  on  protection  levees 1, 082  73 

Officesupplies 1 304  50 

Instruments 170  60 

Miscellaneous  (induding  ba^  used  on  pro- 
tection levees)... - 2,965  17 

283, 777  22 

Total  expenditures 313,836  32 

Balance  available  November  1,  1883 20,213  68 
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IbMor  abUemeiU  showing  amauni  cf  earthwork  wndruded  on  levees,  IhM  dislridf  before  Ike 
flood  cf  1883,  and  amount  eonstruded  since  then  to  November  1,  1883. 


Nam*  of  1«T<M. 


1^ 


1 

II 


TBfBAS  FBOxrr. 


Delta  to  Bedford,  La 

Protection  levee  (approz.)-- 

Sparta  above  Duckport. 

imiiken's  Bend  to  Cabin  Teele.. 

Omega  to  Milliken*s  Bend 

Ralegh  to  Willow  Point.. 

Wilton  to  Raleigh 

Protection  levee... 

Lake  Providence  Beach 

Protection  levee..... 

DnflSn's  Break,  Arkansas 

Panther  Forest,  Arkansas 


TAZOO  FSOXT. 


Magna  Vista  to  Chotard 

Shiloh  to  Tennessee 

EUeslie 

Protection  levee 

Skipwiths. 

Protection  levee 

Longwood 

Protection  levee 

Jenkins  to  Easton 

Rolands  to  Jenkins.. 

Clay  and  Baggots  to  Rolands.... 

Wade  Breaks. 

Hughes  Breaks „ 

Beulah  to  Hughes. 

Beulah  enlaiyement 

Beulah  BrealEs,  1  to  9.. 

Riverton  Breaks 


OvhicyiardM. 
248,9(».8 


89,156.0 
90,002.2 
199,069.2 
41,287.7 
•  887,941.8 


61,162.9 


80,246.0 
163,182.0 


<\iMcyard«. 

182,789.0 
20,000.0 
39,156.9 
90,002.2 

156,032.6 
41,287.7 

225,495.0 

16,572.0 

61,162.9 

2,029.6 

80,246.0 

163,182.0 


61,104.8 


C^i6<eyard«. 


48,006.6 


68,066.2 


99,88Le 


1,305.942.0 


1,077,906.9 


167,256.1 


99,88Le 


49,887.0 
67,299.1 
183,500.0 


71,660.0 
"75,'Sr.*0 


58,631.0 

156,213.0 

108,298.0 

50,714.0 

22,882.0 

150,538.0 

66,836.0 

27,152.0 

151,6^.0 


49,857.0 
67,299.1 

104,627.9 
2,796.0 
63,067.0 
8,000.0 
60,041.0 
15,978.0 
31,017,0 

155,149.0 
95,148.0 
60,112.0 
22,882.0 

139,797.0 
66,836.0 
27,152.0 

151,663.0 


28,872.1 
""i'MsVo 


15,850.0 


20,270.0 

1,064.0 

867.0 

603.0 


7,844.0 
"7,2S.b 


10,741.0 


1,185,634.1 


1,106,422.0 


86,889.1 


14,627.0 


*  This  amount  Includes  31,552  cubic  yards,  which  was  washed  away  during  flood  of  1888.  It  has 
not  yet  been  decided  by  the  Second  Comptroller  of  the  Treasury  whether  this  quantity  will  have  to 
be  put  up  sgain  by  the  contractors,  at  their  expense,  or  paid  for  by  theOovemment. 

Owing  to  a  new  location  of  the  levee,  the  amount  of  13,302.1  cubic  yards  already  paid  for  was 
thrown  out  of  the  main  line  of  levee. 

The  actual  amount  in  this  levee  when  completed  wOl  be  843, 067. 7  cubic  yards. 

-  LEVEE  SURVEYS  THIRD  DISTRICT. 


Under  fm  allotment  of  $1,000  made  by  the  Mississippi  River  Commission  at  their  meet- 
ing in  November,  1882,  a  party  was  organized  September  20, 1883,  by  Assistant  Engineer 
W.  L.  Starling  for  the  survey  and  location  of  levees  in  Arkansas  from  the  high  land  on 
the  east  side  Qi  Amos  Bayou,  7  miles  back  from  the  river  and  about  16  miles  above 
Arkimaas  City,  to  the  Louisiana  State  line. 

The  field  work  of  this  survey  was  completed  November  1,  1883,  and  Assistant  Star- 
ling is  now  engaged  in  the  calculation  of  volumes  and  in  plotting  the  profiles  and  neces- 
sary new  locations  of  the  line  where  broken. 

In  accordance  with  the  request  of  the  president  of  the  commission  the  notes  of  the 
survey  from  Amos  Bayou  to  Arkansas  City  have  been  reduced,  and  the  line  from  Amos 
Bayou  to  the  river  plotted.    These  estimates  show  the  following  results: 

Cubic  yarda. 
Necessary  to  build  and  repair  the  OTossum  Fork  levee  up  to  the  high-water 

mark  of  1882 351,325.0 

To  1  foot  above  high-water  mark  of  1882 483,783.0 

To  3  feet  above  high- water  mark  of  1882 846,919.0 
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These  estimates  considerably  exceed  that  made  for  the  Board  of  EngiDeere  which  con- 
vened at  Memphis,  September  4,  1882,  bnt  have  been  deduced  from  careful  survey. 
More  than  one-half  the  water  that  escapes  into  the  Tensas  Basin  flows  through  the  gaps 
above  Arkansas  City,  and  there  is  now  an  effort  being  made  by  the  State  of  Louisiana, 
corporations,  and  private  individuals  in  Arkansas  to  the  effect  closure  of  this  line,  and 
a  contract  for  the  work  has  been  made  by  them.  If  the  reduction  of  the  notes  can 
be  made  in  time  the  results  of  the  survey  will  be  incorporated  in  this  report  before  finally 
submitted  to  Congress. 

FIKAXCIAL  STATEMENT. 

Amount  allotted _ _ $1,000  00 

Expended: 

Instruments  and  outfit - _—    $51  75 

Services -_.     386  66 

Subsistence _ 35  50 

Miscellaneous 23  05 

496  96 

BflOance  available  November  1. 1883 - —  503  04 

SUEVEY  OF  CHOCTAW  BEND  BEACH. 

At  the  date  of  the  last  annual  report  of  the  commission  the  survey  party  under  As- 
sistant Engineer  William  T.  Blunt  was  in  the  field.  The  survey  was  begun  November 
17,  1882,  and  completed  and  the  party  returned  to  Wilson's  Point  December  30,  1882. 

The  survey  was  restricted  to  the  hydrography  proper,  the  shore  line  as  determined  by 
Assistant  Engineer  Ockerson  the  preceding  year  being  accepted,  except  where  caving 
banks  render^  new  locations  of  shore  lines  necessary. 

The  survey  extended  from  Cook's  Point  to  Arkansas  City,  a  distance  of  28  miles.  The 
survey  shows  that  there  was  not  less  than  13  feet  of  water  at  a  stage  corresponding  to 
a  gauge  reading  of  zero  on  the  Arkansas  City  gauge,  or  that  there  existed  no  obstruction 
to  navigation  in  1882,  low-water  season. 

A  complete  project  for  the  improvement  of  the  reach  will  be  submitted  witti  the  maps 
at  the  earliest  practicable  moment.  For  the  present  there  is  no  especial  demand  for  ite 
improvement,  except  the  revetment  of  the  upper  and  lower  banks  of  Cook's  Point  neck, 
where  it  is  caving  and  a  enfeoff  imminent.  This  requires  7  miles  of  revetment,  at  a 
probable  cost  of  $515,000,  if  carried  to  the  top  of  the  bank,  or  $210,000  if  restricted  to  a 
subaqueous  mat.  The  caving  is  now  back  to  the  cypress  swamps,  and  the  material  is,  as 
usual  in  slowly-deposited  banks,  heavy  buckshot,  very  tough  and  difficult  to  cave.  The 
banks,  however,  are  wearing  quite  rapidly,  and  the  configuration  of  the  river  points  to  a 
cut-off.  The  neck  now  is  nearly  a  mile  wide,  but  low,  the  water  flowing  across  at  sev- 
eral feet  below  the  ordinary  high  water.  At  the  up-stream  side  of  the  neck  is  Persimmon 
hollow,  leading  into  Long.  Lake,  which  occupies  the  middle  of  the  neck,  and  drains  out 
through  Cypress  Bayou,  on  the  lower  side  of  neck.  The  danger  lies  in  this  low  depres- 
sion, already  suflBciently  lowered  to  cause  quite  a  deep  channel- way  across  at  high  water, 
obstructed,  however,  by  a  thick  undergrowth  of  cypress,  willow,  and  oottonwood,  and 
accumulated  drifb-wood. 

The  report  of  Assistant  Engineer  Blunt  is  herewith. 

FINANCIAL  STATEMENT. 

To  amount  allotted _ - .^  $4,000  00 

Expended: 

For  services _- $1,587  92 

For  subsistence 495  06 

For  tools  and  supplies — 531  36 

Miscellaneous. 65  62 

2,679  86 

Balance  available  November  1, 1883 1,320  14 


H. 


&EFOBT  OF  ABTHUB  HIDSB,  ASSISTANT  ENGINEER,  UPON  OPERATIONS  OF  THE  LAKE 
PROVIDENCE  CONSTRUCTION  PARTY. 

Wilson's  Point,  La.,  November  15, 1883. 

Sib:  The  following  report  of  oi)erations  of  the  Lake  Providence  construction  party 
from  December  1, 1882,  to  November  1,  1883,  is  respectftdly  submitted. 

The  work  undertaken  in  accordance  with  your  instructions,  and  that  which  has  so 
£ff  been  executed,  has  had  in  view  the  following  objects: 
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The  nanowiiig  of  the  width  of  the  river  in  places  where  it  was  excessive,  to  bring  the 
T^giUarized  channel  .within  the  boundaries  fixed  in  accordance  with  the  original  project, 
by  ihe  following  methods,  viz: 

First.  The  closing  of  the  Dnncansby  and  Skipwith  chutes  b  j  the  construction  of  a 
system  of  pile  dikes  at  an^  near  the  head  of  the  Dnncansby  chute.  The  filling  up  of 
the  steamboat  channel,  which  was  between  the  upper  and  the  lower  towheads,  by  the 
construction  of  a  pile  dike  joining  the  two  bara  and  the  concentration  by  this  means  of 
the  water  on  the  right  of  the  towheads,  so  as  to  permanently  fix  the  channel  next  the 
Louisiana  shore  and  prevent  the  further  caving  of  the  banks  in  the  Skipwith  chute. 

Second.  The  closing  of  the  May ersville  chute  by  a  pile  dike  across  the  head,  and  others 
in  the  chute  further  down,  and  the  protection  of  the  channel  side  of  Mayeisville  Island 
by  the  construction  of  willow  mattresses  and  revetting  the  front  face  of  the  island  to 
prevent  further  caving,  so  as  to  retain  the  channel  of  the  river  in  its  present  location.e 

Third.  The  closing  and  silting  up  of  the  chute  between  the  Baleshed  Bar  and  the  Mis- 
sissippi shore,  and  the  prolongation  of  the  Baleshed  Bar  at  its  upper  and  lower  extremi- 
ties by  a  system  of  dikes  plac^  longitudinally  and  normal  to  the  direction  of  the  current, 
for  the  purpose  of  restricting  the  width  of  the  river  along  the  Vista  and  Longwood  finonts 
within  such  limits  as  would  afford  a  good  channel  at  all  stages  and  prevent  the  river 
crossing  to  the  Mississippi  side  into  the  Baleshed  Chute. 

Fourth.  The  closing  of  the  main  channel  of  the  river,  which  passed  between  the  foot  of 
Baleshed  Bar  and  the  head  of  Stack  Island,  and  bringing  it  back  to  the  right  of  Stack 
Island  by  a  system  of  deflecting  dikes  located  on  the  Louisiana  side  at  Elton  Bar,  and 
a  longitudinal  dike,  driven  across  the  channel  between  the  lower  end  of  Baleshed  Bar  and 
the  h6ad  of  Stack  Island,  so  as  to  prevent  further  caving  on  the  Mississippi  shore  behind 
the  island,  which  had  already  done  a  great  deal  of  damage  and  was  increasing  at  an  alarm- 
ing rate. 

The  objects  sought  to  be  obtained  at  all  these  points  have,  to  a  great  extent,  already 
been  accomplished,  as  Aown  by  compeft»tive  soundings  and  surveys  furnished  by  the 
survey  party,  which  accompany  this  report. 

The  lack  of  stone  to  properly  secure  the  revetment  work  done  in  November  and  De- 
cember of  last  year  along  the  &ce  of  May  ersville  Island,  was  the  cause  of  the  caving  of 
the  bank  in  rear  of  the  mattress  work.  This  would,  no  doubt,  have  been  prevented  had 
material  been  available  to  properly  secure  the  work. 

DESCBIPnON  AND  EPFEX3T8  OF  WORK  DONE. 

Duneafuby  chute. — During  last  season  a  system  of  low-water  dikes  was  constructed  at 
the  head  of  this  chute,  the  two  upper  dikes  and  the  main  dike  at  the  head  consisting  of 
two  rows  of  piling,  securely  braced.  These  dikes  were  provided  with  light  brush  foot- 
mats,  loaded  with  stone,  laid  between  the  piling,  and  had  screens  or  open  hurdle  work 
placed  in  front  of  them. 

The  three  lower  dikes  across  the  chute  consisted  of  single  rows  of  piles  with  screens  or 
open  hurdle  work  in  front. 

All  these  dikes  did  good  service  and  caused  a  heavy  deix»it  in  the  chute  during  the 
high  water;  in  many  places  the  fill  extended  to  the  top  of  the  piles. 

The  main  dikes  A  and  B  built  last  season,  connecting  the  upper  and  lower  towheads, 
accomplished  the  result  desired,  viz,  the  filling  up  of  the  steamboat  channel,  before  ex- 
isting between  the  upper  and  lower  towheads;  the  fill  here  also  extended  nearly  to  the 
top  of  the  pUes.  The  two  bars  are  now  one,  and  even  at  high  water  there  is  no  channel 
between  them. 

There  has  been  a  general  enlargement  of  the  bars  in  front  of  Dnncansby,  and  a  shoaling 
of  the  chute  along  its  whole  length.  At  low  water  this  season  a  skiff  would  not  float 
between  Dnncansby  and  Skipwith  Landing,  and  at  the  head  of  the  chute  the  bar  wtu 
entirely  above  water,  no  water  at  all  entering  the  chute  at  the  upper  end.  Skipwith 
Tianding  was  moved  do^vn  nearly  a  mile  nearer  the  mouth  of  the  chute  on  account  of 
shallow  water,  to  enable  steamboats  to  deliver  freight.  • 

On  account  of  the  rapid  caving  which  took  place  during  the  high  water  in  the  bend 
above  Pilcher's  Point,  deflecting  the  main  current  across  the  river  immediately  above 
and  against  the  dikes  at  the  head  of  the  chute,  seriously  threatening  the  work  hereto- 
fore put  in,  and  together  with  the  rapid  caving  back  of  the  upper  Dnncansby  towhead, 
which  had  been  left  unprotected;  in  accordance  with  your  direction,  four  additional 
dikes,  Nos.  5,  6,  7,  and  8,  were  driven  during  the  high-water  stages  across  the  chute, 
extending  as  close  to  the  shore  as  the  depth  of  the  water  would  permit;  dike  No.  6  con- 
sisting of  three  rows  of  piles,  with  a  woven  mattress  130  feet  in  width,  made  in  sections 
of  fh>m  100  to  200  feet,  overlapping  each  other,  sunk  in  rear  of  the  dike. 

The  two  lower  dikes,  Nos.  7  and  8,  were  provided  with  thick  grillage  mats  between 
the  piling.    These  dikes,  where  the  water  was  shallow,  consisted  of  two  rows  of  piling 
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BecQiely  bnoed,  and  where  the  water  was  of  gpreater  depth  than  16  feet  of  IJiree  tows. 
In  addition  to  these  precautions  a  protection  dike  with  a  woven  mat  100  feet  in  width, 
with  a  screen  hong  in  rear,  was  driven  immediately  in  front  of  the  caving  towhead,  and 
afterwards  a  mattress  placed  across  the  head,  lapping  aronnd  the  towhead,  waa  oon- 
strncted.  On  the  inside  the  mattress  was  hadly  broken  up  in  sinking  on  account  of  the 
bluff  bank.  This  work  &iled  to  hold  the  towhead  and  has  been  swept  away.  The 
whole  force  of  the  river  at  high  water  was  against  the  head  of  the  towhead,  wldch  is  of 
sand.  The  dikes  put  in  witl&tood  the  high  water  and  show  a  fill  behind  them.  Gaps 
were  washed  out  in  the  low-water  cross-dikes  constructed  last  season  where  they  Joined  the 
main  dike,  and  also  in  those  further  down  in  the  chute ;  part  of  this  main  dike  was  also 
scoured  out,  the  channel  at  low  water  being  in  close  proximity  to  the  remaining  part 
The  piles  were  removed  so  as  to  leave  as  wide  a  channel  as  possible. 

The  effects  of  this  system  of  dikes  is  shown  in  plate  herewith,  in  which  the  sorveys  of 
February,  1882,  and  October,  1883,  are  compared;  the  bar  lines  are  shown  at  low-water 
stage,  viz,  1^.5  on  Lake  Providenoe  gauge.  For  location  of  dikes,  &c,  see  accompany- 
ing map. 

MayemQU  Jdand  and  Chute, — ^During  last  season  a  woven  mattress  fh>m  100  to  130  feet 
in  width  was  constructed  along  the  face  of  the  island,  beginning  at  the  head  and  extend- 
ing down  7,600  feet  The  bank  was  graded  by  the  hydraulic  graders,  and  the  upper  1 ,  550 
feet  revetted  on  the  channel  side,  the  revetment  lapping  around  the  head  and  extending 
down  the  chute  side  about  350  feet  The  revetment  was  constructed  by  placing  a  layer 
of  brush  along  the  slope,  which  was  held  in  position  by  stakes  driven  in  the  bank,  to 
which  stringers  or  binders  holding  the  brush  together  were  securely  fastened  with  wire. 

Behind  the  greater  part  of  the  mattress  the  slope  had  no  protection  at  all,  as  it  was 
impossible  to  get  bru&  and  stone  in  sufficient'  quantities  to  finish  this  work  before  the 
high  water. 

The  effect  of  the  high  water  on  the  &4»  of  this  island,  which  had  before  been  caving 
rapidly,  was,  except  for  about  1,800  feet  at  the  head  where  the  revetment  had  been  par- 
tially covered  with  stone,  or  held  down  by  sacks  of  sand,  to  cave  the  bank  behind  the 
mattresses.  The  caving  has  extended  from  50  feet  at  the  upper  end,  to  500  feet  at  the 
lower  end,  back  of  where  the  original  mattress  was  sunk,  and  has  rendered  necessary 
the  construction  of  a  new  mattress  along  nearly  the  entire  length  of  the  face  of  the  island, 
which  is  now  in  progress.  The  cause  of  the  caving  back  of  the  island  was  undoubtedly 
fh>m  the  &ct  bf  not  having  sufficient  brush  to  complete  the  revetment,  and  stone  to  hold 
the  bank  protection  in  place,  as  the  island  itself  is  composed  nearly  altogether  of  sand. 

Had  it  been  possible  to  have  finished  the  revetment  and  covered  it  with  stone  behind 
the  mattress  work  as  it  progressed,  it  is  believed  that  further  caving  back  of  the  island 
would  have  been  prevented.  The  low-v^ater  dike  built  across  the  head  of  Mayersville 
chute  has  remained  intact,  not  a  break  having  occurred.  The  dike  here  shows  good  re- 
sults by  the  shoaling  of  the  water  behind  it  and  the  enlargement  of  the  bar  at  the  mouth 
of  the  chute,  and  the  increase  in  size  of  the  towhead  near  the  head  of  the  island. 

Further  down,  the  chute  has  deepened  at  some  places,  and  in  order  to  prevent  fhrther 
scouring,  in  accordance  with  your  instructions,  dike  No.  1,  consisting  of  five  rows  of 
piling  securely  braced,  was  driven  across  the  chute  opposite  Mayersville  Landing  to  aid 
the  main  dike  at  the  head  in  filling  up  the  chute.  Dikes  2,  3,  4,  and  5,  built  the  pre- 
vious season  in  the  chute,  were  only  partially  completed;  no  particular  effect  has  been 
observed  from  the  action  of  these  dikes;  they  are  located  too  far  down  to  aid  much  in 
filling  up  the  chute.  A  sketch  showing  the  condition  of  the  works,  November  1,  1883, 
in  this  locality  is  shown  in  map  herewith. 

Baleshed  Bar  and  Chute. — The  work  at  this  point  has  been  the  construction  of  a  main 
dike  extending  from  the  Mississippi  shore  below  the  front  of  Mayersville  down  the  river 
15,000  feet,  reinforced  by  a  system  of  cross-dikes  between  the  main  dike  and  the  shore. 
Dikes  1,2,  3,  4,  and  5  at  the  upper  end,  extending  to  the  Mississippi  shore,  the  parts  of 
dikes  4  and  5  nearest  the  bank,  as  well  as  part  of  10  and  11  and  the  whole  of  12  were 
constructed  as  low-water  dikes,  part  of  the  main  dike  between  cross-dikes  1  and  4  is 
also  a  low- water  dike.  The^  dikes  were  built  previous  to  December  1, 1882,  and  stood 
during  the  last  high  water  with  little  damage.  They  are  shown  on  the  sketch  by 
dotted  lines.  The  cruss-dikes  from  1  to  7  have  thick  grillage  foot-mats  constructed  bo- 
tween  the  rows  of  piling,  held  in  place  by  rock,  or  the  mats  fastened  to  the  piling  by 
stringers  spiked  to  them  and  weighted,  and  held  in  place  temporarily  with  lugs  filled 
with  sand,  until  a  supply  of  rock  can  be  obtained,  and  the  river  is  at  a  high  enough  stage 
to  allow  the  stone  to  be  fioated  on  barges  to  the  dikes.  The  pile-driving.done  this  sea- 
son at  this  locality  was  during  the  high  water,  and  these  dikes  may  be  considered  as 
high-water  dikes.  The  upper  part  of  the  main  dike  has  been  wattled  from  cross-dike 
.  No.  1  to  the  Mississippi  dore  along  the  middle  row  of  piling  up  to  the  20-foot  stage; 
also  dike  1.  This  work  is  being  continued  down  ttom  the  head  of  the  system,  as  rapidly 
as  possible.    A  woven  mattress  fh>m  40  to  100  feet  in  width  haa  baea  oaastmctod  in 
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fioBt  of  the  main  dike  ftom  No.  4  doas-dike  to  No.  11,  to  prevent  soenr.  The  dike 
when  not  provided  with  a  woven  mattresB  in  front  will  have  a  thick  grillage  foot-mat 
oonfltmcted  between  the  rows  of  piling,  which  is  now  being  done.  This  will  complete 
the  work  as  laid  ont  at  this  locality  in  accordance  with  yonr  instmctions.  The  general 
effect  of  the  work  here  has  been**- 

1st  The  enlaigement  of  the  Baleshed  Bar,  both  in  size  and  height,  and  the  lengthen- 
ing of  the  bar  by  accretions,  botti  at  its  head  and  at  the  foot 

2d.  The  filling  np  of  the  Baleshed  Chnte  at  its  npper  end,  and  the  enlargement  and 
deepening  of  the  channel  along  the  Vista  and  Longwood  fronts. 

3d.  Tl^  prevention  of  the  threatened  crossing  of  the  river  between  the  foot  of  Mayers- 
Tille  Island  and  the  head  of  the  Baleshed  Bar,  behind  the  bar,  and  down  the  MiaaiaBippi 
shore. 

4tlL  The  fining  np  of  the  old  crossing  between  the  foot  of  the  bar  and  the  head  of 
Stack  Island.    For  location,  &g.,  of  this  work  see  accompanying  map. 

S^ck  Jdand. — ^In  order  to  force  the  main  channel  of  the  river,  which  flowed  down  the 
Stack  Island  dinte,  on  the  ontside  and  along  the  fiioe  of  the  iedand  between  it  and  the 
Elton  Bar,  a  main  dike  consisting  of  two  rows  of  piles  was  driven  from  a  point  below 
the  foot  of  Baleshed  Bar  to  the  head  of  Stack  Island,  leaving  the  low- water  <£annel  ftom 
Longwood  thvongh  the  Stack  Island  chnte  open  for  the  passage  of  boats.  This  dike  was 
driven  aa  a  low-water  dike;  a  grillage  foot-mat  was  constrncted  between  the  piles,  be- 
gJT^tiiiig  at  the  head,  as  &r  down  as  conld  be  pnt  in  before  the  high  water  covered  the 
dike.  During  high  water  this  work  showed  good  results,  forcing  the  main  channel  of 
the  river  to  the  nght  of  the  island  and  building  a  bar  to  the  head  of  Stack  Island,  as  * 
shown  by  the  high-water  survey  of  April,  1883.  As  the  river  fell  to  low- water  stage  the 
difierenbe  of  slope  on  the  chnte  side  and  the  main  river  was  so  great,  caused  by  the  sys- 
tem of  dikes  at  the  npper  end  of  Baleshed  preventing  the  water  from  freely  entering  the 
upper  end  of  the  chute,  as  to  render  the  current  extremely  rapid  through  this  dike,  re- 
salting  in  cutting  off  the  top  of  the  bar  in  front  of  the  dike,  and  finally  carrying  away 
part  of  the  dike  near  the  head  of  Stack  Island.  This  was  replaced  and  agun  broken  by 
a  sunken  barge  lodging  against  it  The  break  has  again  been  repaired  and  a  grillage 
foot-mat  sunk  between  the  rows  of  piling.  The  curront  passing  across  the  head  of 
Stack  Island  will  be  materiaily  lessened  as  the  river  rises,  and  the  slope  on  both  sides  of 
the  island  is  more  nearly  equalized.  A  channel  across  the  head  of  Stack  Island  is  not 
anticipated,  as  at  high  water  the  works  on  Baleshed  Bar  above,  will  be  sufficient  to 
cause  the  bar  to  again  form  at  a  greater  height  than  before,  and  it  is  believed  entirely 
tXap  any  water  passing  into  the  chute  at  this  point  at  next  low  water.  For  location  of 
'dike-work  see  map  herowith. 

EtUnBar. — ^The  work  hero  consisted  in  the  construction  of  a  main  dike  and  six  shortcross 
dikes,  at  the  head  of  Elton  Bar  and  in  the  chute,  to  act  in  deflecting  the  channel  across  the 
river  toward  the  head  of  Stack  Island,  auxiliary  to  the  Stack  Island  main  dike,  and  to 
dose  the  chute,  which  was  rapidly  enlarging,  along  the  Louisiana  shoro  and  caving  the 
banks  at  a  very  rapid  rate,  and  thus  concentrate  the  water  in  one  channel;  as  when  the 
works  were  pnt  in  it  was  difficult  to  determine  which  of  these  channels  the  river  would 
take,  behind  Stack  Island,  along  the  Louisiana  shoro,  or  whether  it  could  be  concentrated 
between  Stack  Island  and  the  &en  large  Elton  Bar.  Parts  of  these  dikes  were  carried 
away  by  drift  during  the  high  water,  but  not  before  they  had  accomplished  the  desired 
result    For  location  of  these  dikes  see  map  herewith. 

METHODe  OF  OONBTBUCTION. 

IHkewiTk, — ^No  material  change  has  been  made  in  the  methods  employed  in  the  con- 
struction of  pile  dikes  from  those  of  last  season.  The  principal  change  has  been  in  mak- 
ing the  dikes  of  a  greater  number  of  rows  of  piles.  The  distance  between  the  rows  has 
been  increased  fiom  10  to  15  feet  in  deep  water  to  allow  of  more  secure  bracingas  well  as 
the  thidmess  and  width  of  the  brush  work  laid  at  the  foot  of  the  dikes  to  protect  them 
fiom  the  actions  of  the  current  and  prevent  scour.  The  experience  of  last  season's  work 
showed  conclusively  that  the  strongest  form  of  construction  is  required  in  order  to  with- 
stand the  force  of  ^e  current  at  high  water,  and  has  led  to  putting  in  work  of  greater 
strength  where  exposed  to  the  action  of  drill. 

Pik  driving  and  bracing. — ^The  plan  pursued  in  building  pile  dikes  has  been  to  drive 
the  front  and  rear  rows  of  piles  stmultaneously  when  it  could  be  done,  fasten  the  longi- 
tudinal stringers  to  the  piles,  and  complete  the  dike  by  putting  in  place  the  ooss- 
braoes.  In  all  cases  the  longitudinal  and  cross-braces,  in  addition  to  being  fastened  to 
the  piling  with  spikes,  have  been  well  wired  with  No.  8  wire  passed  around  the  pile  and 
aoroas  the  brace  diagonally  from  the  upper  to  the  lower  edge,  and  made  taut  bv  twist- 
ing.   This  was  rendered  necessary  on  account  of  the  material  used  tor  both  piles  and 
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braces,  which  is  almost  entirely  Cottonwood;  bat  few  cypress  piles  have  been  used.  The 
piles  have  been  sunk  as  deep  as  possible,  generally  from  15  to  20  feet,  depending  npon 
the  nature  of  the  bottom.  Two  forms  of  bracing  have  been  used,  as  shown  in  the 
sketches,  one  with  rods,  for  dikes  constructed  at  £gh-water  stage,  and  the  other  for 
dikes  built  during  low  water.  These  are  the  same  methods  used,  in  accordance  with 
your  directions  for  last  season's  work,  and  have  answered  the  purpose  well;  experience 
has  suggested  no  improvement  ujpon  them.  The  piles  have  been  sunk  by  the  use  of  a 
jet  of  water  forced  through  a  l}-inch  gas  pipe,  leading  down  the  side  of  the  pile,  and  by 
the  aid  of  quick  blows  from  a  hammer  of  2,000  pounds  filling  through  a  distance  of  aboat 
6  feet 

Two  forms  of  pile-drivers  have  been  in  operation,  one  with  the  leads  placed  in  front 
of  the  boat,  and  the  other  with  the  leads  on  the  side.  The  first  form  is  preferred  for 
general  use,  especially  for  cross-dikes  and  in  rapid  currents,  as  being  found  more  con- 
venient to  keep  in  position  and  handle,  and  for  this  reason  accomplishing  more  work. 
One  of  the  side-lead  drivers  has  been  in  operation,  and  has  done  fi^r  service.  These 
drivers  are  provided  with  large  boiler  capacity  and  pumps  capable  of  dischaiging  more 
water  under  a  greater  pressure.  Piles  can  be  sunk  deeper  with  these  than  with  the 
others,  but  the  difficulty  of  htodling  them  in  cross-currents  reduces  their  efficiency. 

Between  15  and  20  feet  has  been  the  average  depth  of  penetration  obtained;  after 
reaching  that  depth,  if  further  sinking  is  not  stopped  by  gravel,  buckshot,  or  other  hard 
material,  the  Motional  resistance  exerted  by  the  sand  along  the  side  of  the  pile  generally 
prevents  further  penetration.  This  resistance  could  not  l^  overcome  either  by  the  use 
of  the  water>jet  or  the  hammer,  or  both  combined,  as  the  wood  of  which  the  piles  are 
composed  will  not  withstand,  without  splitting,  the  shock  of  the  hammer  &lling  firom 
a  great  height.  The  usual  method  has  been  to  sink  the  piles  with  their  large  ends 
down;  the  butts  are  cut  off  square,  and  are  about  18  inches  in  diameter,  the  small  ends 
not  less  than  10  inches  diameter,  and  the  length  of  the  piles  from  35  to  50  ^t;  about  ten 
piles  is  counted  as  an  average  day's  work  for  one  driver  with  a  crew  of  seven  men,  con- 
sisting of  a  foreman,  engineer,  and  five  laborers.  No  special  improvement  in  the  meth- 
ods followed  in  pile  sinMng  or  in  the  construction  of  drivers  has  suggested  itself.  They 
are  well  adapted  for  the  purposes  for  which  they  were  designed.  Four  different  kinds 
of  hoisting  engines  are  in  use,  each  of  which  has  an  advantage  in  some  particulars  over 
the  others;  on  the  whole  the  small  horizontal  engines  have  given  the  best  results,  being 
quicker  in  operation,  and,  next  to  the  ordinary  crab  in  use  on  four  of  the  drivers,  costing 
less  for  repairs  on  account  of  breakage. 

Brush  mats^  hurdleSf  <&c. — ^The  principal  dikes  have  been  protected  at  their  foot  to  pre- 
vent scouring  out,  by  constructing  mats  formed  of  two,  three,  or  four  layers  of  brush,  de- 
pending upon  the  importance  of  the  dike,  rapidity  of  current,  depth  of  water,  and  danger 
of  cutting  out.  These'  layers  of  brush  are  placed  alternately  crosswise  and  parallel  with 
the  dike.  Stringers,  or  waling-pieces,  as  binders,  are  first  hung  from  the  piles  as  a  fnune- 
work  for  the  brush  to  be  laid  upon.  When  the  mat  is  of  sufficient  thickness  other  binders 
are  laid  on  top  of  the  mat  connected  with  those  underneath  by  wires  at  suitable  intervsJs, 
leading  up  from  the  under  stringer  pieces,  twisted  together  so  as  to  make  the  construction 
as  close  as  practicable.  The  brush  is  laid  so  as  to  extend  through  the  rows  of  piles,  re- 
qnlring  on  some  of  the  dikes  three  lengths  of  brush,  the  brush  ends  overlapping  the  butts. 
When  finished,  the  mat  extends  both  in  front  and  rear  of  the  dike  from  10  to  15  feet  out- 
side the  dike.  The  grillage  mats  thus  constructed  are  then  sunk  in  place  by  being  loaded 
with  rock  taken  to  the  dike  on  baiges.  When  woven  mats  are  placed  in  front  of  dikes 
to  prevent  longitudinal  scour  they  have  been  built  similar  in  construction  to  the  laige 
mattresses  used  for  the  protection  of  caving  banks,  and  sunk  in  place  by  being  loaded 
with  rock.  For  the  purpose  of  preventing  the  threatened  deepening  of  the  Duncansby 
chute  during  high  water,  a  brush  foot-mat  130  feet  in  width,  made  in  sections  of  from 
100  to  200  feet  in  length,  was  woven  on  a  mattress  barge  in  rear  of  dike  6,  which  extends 
across  the  chute  near  the  head.  Alternate  sections  were  built  and  sunk.  The  interven- 
ing ones  were  then  constructed  so  that  when  in  position  on  the  bottom  they  overlapped 
the  sections  previously  built  about  10  feet,  thus  forming  a  continuous  brush  foot-mat  130 
feet  wide  immediately  in  rear  of  dike.  The  dike  itself  was  constructed  of  three  rows  ot 
piles  securely  braced.  In  order  to  insure  the  mats,  when  sunk,  being  close  to  the 'dike 
a  strong  stringer  was  spiked  and  wired  across  the  ends  of  the  weaving  poles,  which  were 
allowed  to  extend  through  the  dike  beyond  the  rear  piles,  thus  forming  a  crib  around 
each  pile.  Before  sinking,  the  mats  were  covered  with  stone,  evenly  distributed,  the 
upper  side  of  the  mat  being  lowered  to  its  place  by  the  aid  of  lines  fastened  to  the  front 
row  of  piles,  which  were  slacked  as  the  mat  went  down,  so  as  to  keep  it  in  a  horizontal 
position.  The  only  curtain  construction  used  this  season  was  that  placed  in  rear  of  the 
protection  dike  built  in  front  of  the  upper  Duncansby  towhead.  This  was  of  the  usual 
foi-m  of  woven  work,  built  so  as  to  allow  of  about  one-foot  spaces  between' the  brush.    It 
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was  sank  by  &stexiiiig  sacks  of  rock  to  the  curtain,  ^  coiinteiact  the  force  of  the  cnrrent 
and  hold  it  in  position. 

The  wattling  or  hurdling  has  been  made  dose  by  forcing  the  pieces  of  brush  down  so 
as  to  be  in  contact  with  each  other,  and  has  been  done  on  either  the  middle  or  front 
row  when  the  brush  mats  are  built  between  the  rows  of  piling  so  as  to  provide  against 
the  effect  of  the  overfiill  cutting  out  the  sand  in  rear  of  the  dikes.  Sketches  giving  de- 
tails of  the  different  forms  of  construction  employed  in  the  dikes  built  and  their  location 
is  shown  on  map  herewith. 

The  following  statements  furnished  by  Asssistant  Engineer  G.  P.  Ruple,  gives  in  detail, 
in  tabulated  form,  the  work  done  in  dike  construction;  also  an  estimated  cost  for  labor 
for  the  different  classes  of  work,  and  amount  of  material  required.  All  the  pilendriving 
done  has  been  under  his  charge,  and  since  June  1,  1882,  at  which  time  the  foot-mat 
party  under  Assistant  Engineer  £.  D.  Thompson  was  consolidated  with  the  pile-driving 
force,  this  class  ef  work  also. 

Statement  showing  dike  work  from  December  1,  1882,  to  November  1,  1883. 


Dike. 


Dancanaby . 


Do 

Do. 

Do 

Do 

Do 

Do 

Do 

MayersvUIe 

Do 

Balesbed. 

Do 

Do 

Do 

IK) 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Staok  Island.... 
Elton 

Do 

Do 

Do 

Do 

Do 

Do 


Dunoanaby  Bar  proteo- 
Uon. 

Main  dike  A 

No.l 

No.  8 

No.  6 

No.6 

No.7 

No.8 

Main  dike 

No.l 

Main  dike  above  1. 

Main  dike  firom  8  to  7... 
Main  dike  from  7  to  11 

No.l 

No.  2 

No.8 

No.4ofl888 

No.  5  of  1888. 

No.6 

No.7 

No.8 

No.9 

No.  10 

No.U 

No.  12 

Main  dike 

Main  dike 

No.l 

No.  2 

No.8 

No.4 

No.5  

No.6 


100 

150 

545 

2,106 

2,061 

2,310 

2,800* 

806 

1,901 

2,837 

6,906 

988 

1.192 

1,172 

661 

963 

1,462 

1,204 

1,011 

1,097 

924 

894 

683 

6,250 

943 

746 

887 

975 

800 

484 

435 


Totals.... 


44,235 


840 
250 


275 


1,021 


460 
158 
150 
500 
150 


1,429 

857 

54 

63 


356 
40 


6,432 


*  Three  hundred  feet  of  this  dike  is  incompleted. 

Of  the  above  dike  there  is  in— 

Single  row 

Double  row  

Three  TOWS 

Four  rows 

Five  rows. 


Total  ^ , 

5908  EN- 


2,386 

25,187 

14,160 

565 

1,997 

44,235 
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Statement  shofwing  eoet  of  difereni  items  of  vforkf  and  material  required  ti»  dike  eonelruetien, 

Amoant  of  pay-roll —    $89,771  07 

Subsistence 19,991  06 

109,762  13 
Labor  loaned  other  parties,  with  snbsistenoe 333  60 

109,428  53 

Difltribnted  as  follows: 

1.  Pile  driving— driving,  bracing,  and  stringing $78,897  93 

3.  Brash  work— foot-mats,  wattUng,  shore-mats,  screens,  &c.,  making  and 

sinking 30,530  60 

109,428  53 


Number  linear  feet  dike  driven — all  kinds,  $50,667 — cost  $1. 557  per  linear  foot;  equiv- 
alent to  60,947  linear  feet  double  dik&— cost,  $1,294  per  linear  foot. 

Number  linear  feet  dike  driven— as  it  stands,  44,235— represents  a  cost  of  $1,783  per 
linear  foot;  equivalent  to  53,703  linear  feet  double  dike — ^represents  a  cost  of  $1,469  per 
linear  foot 

Number  linear  feet  dike  driven— washed  out— all  kinds,  6,432;  equivalent  to  7,244  lin- 
ear feet  double  dike. 

Total  number  of  piles  driven,  15,553;  average  cost  per  pile,  $3.45 $53, 800  08 

Total  number  of  braces  put  on,  8,230 ;  average  cost  per  brace  in  place,  $1. 65.  _  13, 579  60 
Total  number  of  stringers  hung,  4,517;  average  cost  per  stringer  in  place, 

$2.55 11,518  35 

78,897  93 


Greatest  number  of  piles  driven  by  one  driver  in  one  day,  15  to  22  feet  of  ^ 

45  feet  piles  used — depth  of  penetration  17  to  20  feet,  was 22 

Number  pile-drivers  in  commission  December  1,  1882 11 

Greatest  number  in  commission  at  any  time _ 16 

Average  number  drivers  per  each  day  in  commission 13 

Cost  per  100  square  feet  woven  foot-mat,  making  and  sinking,  60  feet  wide $1  32 

Cost  per  100  square  feet  wattling 2  00 

Cost  per  100  square  feet  foot-mat,  between  piling,  made  and  sunk,  from...$l  50  to  1  95 
Cost  per  linear  foot  of  dike,  woven  foot-mat,  making  and  sinking,  1 30  feet  wide . .        1  65 
2  coils  wire  are  required  to  brace  and  string  100  feet  double  d£ke. 
1  cord  brush  makes  100  square  feet  foot-mat  between  piling. 
7-10  cord  brush  makes  100  square  feet  woven  foot-mat 

From  the  above  statement  the  cost  of  a  linear  foot  of  dike,  consisting  of  two  rows  of 
piling  complete,  with  brash  work,  ia  estimated  as  follows: 

Labor  cost  as  above: 

Pile  work  for  100  linear  feet _ $146  90 

Brash  work,  grillage  foot-mats., '50  feet  wide 86  25 

Wattling,  10  feet  high 20  00 

Total  labor  cost $263  15 

Add  cost  of  material: 

26  pOes,  at  $2.00 $52  00 

21  braces  and  stringers,  at  $.90.— 18  90 

50  cords  brash,  at  $1.75 - 87  50 

30  cubic  yards  stone,  at  $2. 00 60  00 

Wire  and  spikes 27  60      246  00 

$499  15 
Add  estimated  cost  of  local  tow-boats  for  charter,  repairs,  wages,  and  sub- 
sistence, two-thirds  charged  to  dike  construction  .. 40  46 

Total  estimated  cost  of  100  linear-feet  dike. $539  61 

or  $5.40  per  linear  foot    This  will  be  increased  to  $6.72  if  a  woven  foot-mat,  100  feet 
wide;,  is  placed  in  front  of  the  dike  in  addition  to  the  grillage  foot-mat    For  a  dike  of 
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two  TOWS  of  piles,  with  a  130-feet  woven  foot-mat  in  rear,  and  grillage  mat  50  feet  wide 
between  the  piling,  the  cost  per  linear  foot  is  $7.05.  Allowing  for  contingencies,  such 
as  increase  in  price  of  material  and  wages,  a  &ir  estimate  wonld  be  $6.00,  $7.40,  $7.75 
per  fbot  for  each  class  respectlTely. 

BANK  PBOTECnON. 

Mattren  construction. — The  nsoal  form  of  mattress  constmction  has  been  followed,  the 
willows,  fiom  2  to  3  inches  in  diameter  at  their  larger  ends,  and  from  30  to  50  feet  in  length, 
are  wotch  on  laige  cotton  wood  poles  fiom  3  to  4^  inches  diameter  at  small  end,  placed 
about  8  feet  apart  on  ways  or  slrids  erected  on  a  boat  for  that  pnrpose.  They  are  pnshed 
down  the  skids  doee  together  over  and  nnder  alternate  poles  forming  woven  work,  then 
brought  into  close  contact  by  driving  the  brash  together  with  heavy  wooden  niallls. 
Alongside  of  every  weaving  pole  or  sJtemate  poles,  determined  by  the  width  of  the  mat 
and  the  longitndinal  stren^h  required,  iron  rc^  with  welded  eyes  at  each  end  are  placed 
as  the  mat  is  built;  the  en^  of  these  rods  are  connected  with  lap-rings  or  clevises. 
These  rods  are  to  give  the  necessary  longitudinal  strength  to  the  mat,  and  prevent  it 
breiJdng  asunder  while  being  sunk,  and  allow  it  to  a<]Uust  itself  to  any  irregularities  on 
the  bottom.  The  mat  is  then  further  strengthened  by  bindei-s  made  of  poles  placed  on 
top,  securely  fastened  to  the  mat  with  wire  to  the  weaving  poles. 

In  wide  mats,  and  where  the  current  is  swifb  and  the  water  deep,  additional  longitu- 
dinal strength  has  been  obtained  by  the  use  of  No.  8  wire  twisted  in  the  form  of  a  cable, 
extending  on  top  of  the  mattress,  securely  fastened  at  intervals  by  wire  to  the  weaving 
poles.  ThQ  upper  end  of  the  mat  while  being  constructed  is  held  in  place  by  lines 
passed  under  a  mooring  barge  leading  to  fastenings  on  the  shore  above.  The  mooring 
oaige  is  placed  with  one  end  next  the  bank,  the  outer  end  being  kept  in  place  by  lines 
leading  to  suitable  &steningB  on  shore.  The  head  of  the  mat  is  held  up  by  small  lines 
passing  over  the  side  of  the  mooring  barge,  to  which  they  are  &8tened,  whidb  are  slacked 
as  the  head  is  sunk;  additional  lines  leading  from  the  mat  to  the  bank  are  placed  along 
the  mat  at  intervals,  so  connected  with  it  by  iron  clevises  as  easily  to  be  freed  after  the 
mattress  has  been  sunk  in  position. 

The  use  of  the  mooring  barge  is  to  prevent  drift  from  lodging  on  the  head  of  the  mat, 
and  to  keep  it  from  being  submerged  until  it  is  ready  to  be  sunk.  The  mats  have  been 
sunk  l^  firat  loading  the  edge  next  shore  along  the  slope,  with  rock,  and  afterwards  by 
throwing  rock  on  it,  beginning  at  a  suitable  distance  below  the  head  to  allow  the  mat 
to  reach  the  bottom  without  breaking.    The  head  is  then  sunk  last. 

A  great  deal  of  trouble  and  some  loss  has  been  experienced  in  sinking  large  matresses. 
Experience  has  shown  that  in  deep  water  and  where  the  current  is  swifb  the*mat  can 
hanlly  be  made  too  strong,  and  should  not  be  of  a  greater  length  than  from  600  to  600 
feet,  as  the  frictional  resistance  offered  by  a  mattress  of,  say,  150  feet  in  width  of  this 
length  is  enormous,  and  renders  the  greatest  amount  of  care  and  precaution  necessary 
to  prevent  loss.  The  methods  employed  heretofore  in  sinking  large  mattresses  are  not 
entirely  satisfactory,  as  there  is  always  danger  of  their  loss  when  the  current  is  swift 
and  the  water  is  deep.  The  irregular  supply  of  stone  has  led  to  the  construction  of 
greater  lengths  than  otherwise  would  have  been  built,  in  order  to  keep  the  men  employed. 

Grading, — ^AAer  sinking  the  mattresses  in  place  the  bank  has  been  graded  by  the  hy- 
draulic ^aders  to  a  uniform  slope  of  from  2 J  to  3  to  1,  ready  for  the  brush  revetment; 
but  little  hand-work  is  required  to  trim  up  the  bank,  except  where  it  is  of  sand.  The 
following  is  a  description  of  the  plant  and  how  operated,  famished  by  Assistant  Engi- 
neer Henry  Steubing,  who  has  had  charge  of  the  grading: 

Description  of  Plant, — ^The  plant  consists  of  two  large  pumps  placed  on  barges  110  by 
30  feet,  6-foot  hold,  on  the  deck  of  which  are  the  machinery  and  boilers.  A  cabin  is 
erected  above  the  boilers  and  machinery,  which  contains  sleeping  room  for  30  men*  The 
machinery  of  No.  1  consists  of  a  double-acting  duplex  plunger  pump — ^that  is,  two  pumps 
which  are  so  constructed  that  the  plnnger  of  one  pump  moves  the  steam  valve  of  the 
other,  and  vice  versa.  On  No.  3  the  pumps  work  single.  Each  of  these  engines  is  com- 
pound. The  18-inch  initial  steam  cylinders  exhaust  into  an  auxiliary  steam  cylinder  of 
36  inches  diameter.  Out  of  this  the  steam  is  exhausted  into  a  condenser  by  an  air-pump, 
which  at  the  same  time  pumps  water  into  the  condenser.  The  water  is  heated  by  this 
condensed  steam  to  a  temperature  of  about  100°,  and,  passing  from  the  condenser  into  a 
well,  is  used  to  supply  the  boiler.  The  stroke  of  the  main  pump  varies  according  to  the 
water  pressure  required,  the  maximum  is  24  inches.  The  plungers  are  1 6  inches  in  diame- 
ter. Besides  these  i>umps,  which  are  required  for  the  grading  proper,  each  of  the  graders 
has  an  engine  for  hoisting  the  boom-pipe  and  stages;  slLso  a  steam  capstan.  The  hoisting 
engine  is  located  forward  of  the  main  pumps  between  the  legs  of  the  shears;  the  cap- 
stan is  placed  at  the  other  end  to  facilitate  the  handling  of  the  boat.  There  are  three 
flve-^ue  boilen  on  each  grader  42  inches  diameter  and  22  feet  long.    Oa  No.  1  the 
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boileiB  aie  of  steel,  and  on  No.  3  of  iron,  both  of  60,000  T.  S.  They  were  tested  for  a 
steam  pressnie  of  125  pounds.  They  are  supplemented  by  an  upright  auxiliary  boiler 
for  cleaning  and  pumping  up  main  boilers.  In  front  of  the  furnace  is  the  coal-box,  with 
storage  room  for  500  bushels  of  coal.  The  water  to  supply  each  of  the  main  pumps  is 
taken  from  a  well  in  the  bottom  of  the  boat  3  by  3  feet,  one  on  each  side,  through  a  12- 
inch  pipe.  The  bottom  of  the  well  is  covered  by  a  strainer  made  of  three-eighths-inch 
flange  iron.  This  strainer  has  2,500  holes  of  three-eighths-inch  diameter,  which  gives 
nearly  2^  times  the  area  of  the  suction  pipe.  The  water  is  discharged  through  two  12- 
inch  pipes,  one  from  each  pump,  into  the  main  pipe,  to  which  the  boom-pipe  is  con- 
nected, the  joints  so  arranged  where  the  pipes  come  together  as  to  allow  the  boom-pipe 
to  have  motion,  both  perpendicular  and  horizontal.  The  length  of  the  boom-pipe  is  65 
feet,  tapering  fh>m  12  inches  to  8  inches,  and  consists  of  4  flanged  pieces,  wluch  are 
bolted  together.  These  pieces  of  the  boom-pipe  are  lapwelded  tubes  screwed  in  to  cast- 
iron  flanges  and  bolted  through  flange  and  screw  end  of  tube.  The  whole  is  stiffened  by 
two  hog-chains,  one  below  extending  along  the  whole  length,  the  upper  one  on  top  of  the 
two  smallest  pieces  to  which  is  attached  the  hoisting  rope.  The  hoisting  rope  is  1  indi- 
steel  wire  leading  over  a  puUe^  on  top  of  the  shears,  thence  to  the  drum  of  the  hoisting 
engine.  The  shears  are  pine. timber,  54  feet  long,  12  by  12  inches,  the  heels  butting  in 
iron  shoes  on  deck  in  a  line  with  the  hoisting  engine.  They  are  slightly  inclined  for- 
ward and  are  held  by  two  l^inch  wire  rope  guys,  which  are  fastened  to  the  gunwales. 
The  pumps  have  a  capacity  to  discharge  2,000  gidlons  a  minute,  under  a  pump  pressure 
of  160  pounds. 

Mdhod  of  operating, — ^The  grader  is  placed  in  position  with  one  end  next  the  bank,  and 
the  stage  and  boom-pipe  lowered  so  as  to  almost  rest  on  the  ground.  When  the  bank  is 
perpendicular  a  trench  is  first  cut  at  the  proper  slope  so  as  to  give  a  face  to  begin  grad- 
ing. When  a  steam  pressure  of  80  pounds,  giving  an  efficient  water  pressure  in  the 
pumps  of  140  pounds,  is  obtained,  the  work  of  grading  is  begun.  A  piece  of  2-inch  gas- 
pipe,  about  4  feet  long  and  pointed  at  one  end,  is  driven  into  the  ground  about  10  or  15 
feet  from  the  fiioe,  and  a  little  above  the  middle  of  the  slope.  The  upper  end  of  this 
gas-pipe  is  allowed  to  remain  from  10  to  12  inches  above  the  gro'und ;  a  piece  of  iron  is  fitted 
into  the  top  of  this  pipe,  to  support  the  nozzle,  with  holes  on  each  side,  into  which  trun- 
nions on  the  nozzle  fit,  so  as  to  admit  of  motion  in  any  direction.  After  the  nozzle  has 
been  fiistened  in  this  swivel  and  the  hose  connected  with  the  boom-pipe  at  one  of  the 
valves,  which  are  placed  at  intervals  along  the  pipe  for  this  purpose,  two  men  take  hold 
of  the  nozzle  by  means  of  a  lever,  which  is  fastened  to  it  by  clamps,  and  the  signal  is 
given  to  turn  on  the  water;  3  or  4  men  are  kept  ready  to  lighten  up  the  hose,  so  as  to 
enable  the  nozzle-men  to  point  the  nozzle  in  any  required  direction.  The  stream  issuing 
fiom  the  nozzle  is  directed  against  the  bottom  of  the  fiice  to  undermine  it  to  a  depth  of 
from  6  to  12  inches,  and  in  doing  this  is  moved  along  the  whole  length  of  the  slope. 
The  earth  that  has  caved  through  this  undermining  is  then  washed  into  tlie  river.  The 
quickest  way  to  do  this  is  to  soak  the  whole  of  the  loose  material  first  and  then  direct 
the  stream  so  as  to  carry  this  saturated  material  into  the  river,  pushing  it  down  by  the 
force  of  the  stream.  In  undermining,  it  is  always  best  to  commence  at  the  bottom  and 
move  upward.  If  the  bank  is  more  than  14  feet  high  2  nozzles  can  be  worked  with  ad- 
vantage. Where  one  nozzle  is  used  11  men  are  required,  while  for  two,  3  additional  men 
are  needed.  The  force  to  run  one  grader  requires  1  foreman,  2  engineers,  1  fireman,  1 
greaser,  2  nozzle-men,  and  4  laborers — total,  11  men.  With  2  nozzles  working,  15  men 
are  required.  A 1 J  or  1 J  inch  nozzle  is  then  put  very  near  the  top  of  the  slope,  and  under- 
mines the  upper  one-third  of  the  face,  while  the  2-inch  nozzle  does  the  same  with  the  lower 
two-tliirds,  and  washes  all  of  the  caved  material  into  the  river.  AHer  the  bank  lias  been 
caved  and  washed  down  as  far  as  from  30  to  35  feet  from  the  nozzle  this  is  moved  10-15  feet 
again.  In  doing  this  the  water  is  shut  ofi^  from  the  hose,  and  is  wasted  through  one  of 
the  other  valves.  The  difference  in  the  quality  of  the  material  that  has  to  be  under- 
mined or  cut  into,  the  various  positions  in  which  the  different  strata  are  found  under- 
lying each  other,  height  of  bank,  &c.,  requires,  besides  this  general  method  employed, 
various  modifications  in  special  cases  of  managing  the  nozzle  that  can  hardly  be  de- 
scribed, and  only  learned  by  experience.  This  is  well  demonstrated  by  the  cost  of  grad- 
ing. 

\VTule  grader  No.  1  was  at  Delta  Point,  opposite  Vicksburg,  in  November  and  Decem- 
ber of  18^,  the  cost  for  grading  for  the  first  two  weeks  was  9  cents,  from  November  20  to 
30,  6  cents.  In  December  No.  1  excavated  39,000  cubic  yards,  at  an  actual  cost  of  3^ 
cents.  Grader  No.  3  had  in  the  mean  time  excavated  at  May ersville  Island  15,000  cubic 
yards,  at  a  cost  of  2}  cents,  the  bank  consisting  entirely  of  sand,  while  at  Delta  it  was  to 
a  great  extent  intermixed  with  strata  of  hard  clay,  the  different  strata  lying  in  unfavor- 
able position  for  rapid  work.  In  January,  1883,  Nos.  1  and  3  together  excavated  on 
May  ersville  Island  78,000  cubic  yards,  at  a  cost  of  3^  cents,  or,  deducting  all  time  lost 
thiou^  inclemency  of  the  weather,  &c.,  of  2.8  cents.    The  cost  of  grading  in  February 
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Gannot  be  as  accorately  calculated,  as  the  grading  did  not  amount  to  much,  and  was  in- 
termpted  and  delayed  through  stormy  weather  and  the  rising  river.  Work  was  stopped 
on  the  7th  of  February. 

Grading  again  began  September  26.  Serious  delays  have  been  caused  by  the  bursting 
of  the  hose.  Nearly  one-half  Of  the  time  in  the  first  two  weeks  was  lost  on  this  account, 
making  it  necessary  to  constantly  stop  grading  and  change  hose.  The  hose  had  been  in 
use  the  previous  season.  Besides,  all  outside  laborers  and  foremen  were  inexperienced, 
and  after  most  of  this  trouble  had  been  overcome,  the  rubber  valves  in  the  main  pumps 
commenced  to  give  out,  and,  as  there  were  only  few  extra  ones  on  hand,  it  was  thought 
advisable  not  to  work  the  pumps  up  to  their  fhll  capacity.  The  work  consequently  pro- 
gressed comparatively  slowly.  In  September,  only  3,260  cubic  yards  were  excavated,  the 
cost  of  which  cannot  be  properly  calculated.  Li  October,  in  the  first'ten  days,  of  ten 
working  hours  each,  11,395  cubic  yards  were  excavated  by  No.  1.  Since  October  11 
grader  No.  1  has  been  worked  both  day  and  night;  at  night  the  electric  light  has  been 
used,  which  had  been  put  up  in  January  last.  A  double  crew  was  put  on,  changing  every 
six  hours,  and  working  twenty  out  of  twenty-four  hours.  Twenty-five  thousand  eight 
hundred  cubic  yards  were  thus  excavated  from  October  11  to  October  20.  On  the  ^th 
orders  were  received  to  work  three  crews  and  to  make  no  stoppage  for  meals.  In  the  one 
hundred  and  fifby-two  working  hours  from  October  20  to  29.  when  work  had  to  be  tem- 
porarily stopped,  25,111  cubic  yards  were  excavated,  makmg  a  total  of  62,306  cubic 
yards  excavated  in  the  month  of  October,  at  a  cost  of  3  cents  per  cubic  yard.  The  slope 
made  during  the  last  month  is  smoother  and  more  uniform  than  any  ever  made  before, 
and  requires  very  little  or,  in  some  places,  no  grading  even  by  shovels  to  make  it  ready 
for  revetment.  This,  I  think,  is  of  more  importance  than  to  do  more  excavating  with  a 
leas  smoothly  worked  slope.  I  have  already  mentioned  that  the  usually  required  water 
pressure  is  140  pounds  for  one  nozzle,  while  for  two  nozzles  the  pressure  is  run  up  to  160 
pounds.  A  greater  pressure  cannot  be  used  very  well,  as  it  makes  it  difficult  and  dan- 
gerous for  the  nozzle-men,  besides  the  liability  of  bursting  hose.  By  daily  observations 
made^during  the  last  month  it  is  found  that  to  excavate  one  cubic  yard  of  earth  it  takes  a 
small  fraction  less  than  one  cubic  yard  of  water  under  a  pressure  of  140  pounds,  this  water 
pressure  being  attained  by  a  steam  pressure  of  80  pounds  and  a  vacuum  of  26}  inches. 
With  a  pressure  of  80  pounds  of  steam  it  takes  3  pounds  of  coal  per  cubic  yard  of  water 
thrown  or  earth  excavated.  In  comparing  this  hydraulic  gra^g  of  earth  with  hand 
work  by  use  of  shovels,  I  tbink  I  may  safiSy  assume  that  the  moving  by  shovel  would 
cost  30  cents  per  cubic  yard.  This  makes  a  difierence  in  &vor  of  the  hydraulic  moving 
of  27  cents.  Grader  No.  1  has  so  far  moved  about  165,000  cubic  yards,  and  caused  a  sav- 
ing, therefore,  of  nearly  (44,550,  or  over  one  and  one-half  times  the  ori^nal  cost  I  am 
confident  that  another  month^s  constant  running,  with  the  past  experience,  new  hose, 
new  valves,  &c.,  the  cost  per  cubic  yard  can  be  greatly  reduced. 

Bank  refwfmen<.-^Where  revetment  has  been  laid,  a  grillage  of  poles  is  first  placed 
along  the  slope;  on  this  grillage  the  brush  is  laid  perpendicular  to  the  direction  of  the 
current;  another  set  of  poles  is  laid  on  top  of  the  brush  over  those  underneath,  to  which 
they  are  fastened  with  wire  to  hold  the  brush  in  place.  The  poles  are  also  fiistened 
with  wire  to  stakes  driven  in  the  slope,  and  the  revetment  covered  with  stone.  On  ac- 
count of  the  scarcity  of  stone  last  season  bags  of  sand  were  tried  for  the  purpose  of  keep- 
ing the  revetment  in  place,  but  they  &iled  in  accomplishing  the  desired  result;  they 
were  easily  torn,  and  the  action  of  the  current  washed  out  the  sand,  rendering  them 
useless  for  the  object  intended.  The  following  tabulated  statement,  showing  the  amount 
of  work  accomplished  by  the  bank-protection  party,  and  its  condition  November  1. 1883, 
with  an  estimate  of  the  labor,  cost,  and  material  required  for  the  different  kinds  of  work, 
has  been  furnished  by  Assistant  Engineer  W.  M.  Childs,  who  has  had  charge  of  this  claas 
of  work  from  the  b^^nning: 
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From  the  above  statement  an  estimate  is  made  of  the  cost  of  protecting  caving  banks 
witli  a  woven  mattress  150  feet  wide,  the  slope  graded  and  covered  with  a  bmsh  revet- 
ment held  in  place  with  stone,  as  follows: 

In  this  estimate  a  square  =  100  square  feet. 

Labor  cost  for  100  linear  feet: 

150  squares  mattress,  at  $1.21 $181  60 

40  squares  grillage,  at  $1.61 _ 64  40 

Graded,  at  66  cents 55  00 

60  squares  revetment,  at  $1.70 — 102  00 

Sinking  190  squares  mats,  at  18  cents 34  20 

Covering  with  rock  60  squares  revetment,  at  50  cents 30  00 

467  10 
Add  cost  of— 

Material,  153.75  cords  brush,  at  $1.75 $269  06 

Sinking  mats,  72.2  ymrds  stone,  at  $2 — 144  40 

Covering  revetment,  30  yards  stone,  at  $2 60  00 

12.5  cords  poles,  at$2 25  00 

127.2  pounds  spikes,  at  5  cents 6  36 

222}  pounds  wire,  at  7  cents 15  54 

1,000  pounds  iron  rod,  at  5  cents 50  00 

Towing,  estimated  one-sixth  of  cost  of  tow-boat  service 83  32 

66368 

Total  cost  of  100  linear  feet 1,120  78 

Or,  per  linear  foot,  $11.21. 

SUMMABY. 

Work  completed  Jrom  December  1,  1882,  to  November  1,  1883,  and  in  good  condiHon, 

Number  linear  feet  pile  dikes,  44,235. 

Number  linear  feet  woven  fo<^  mats,  11,945;  squares  of  100  square  feet,  9,386.1. 
Number  linear  feet  grillage,  24,341;  squares  of  100  square  feet,  9,586.2. 
Number  linear  feet  woven  mattresses,  5,210;  squares  of  100  square  feet,  9,734. 
Number  linear  feet  bank  revetment,  2,645;  squares  of  100  square  feet,  2,416.22. 

SUBVEYS,  ETC. 

After  compledng  the  survey  and  maps  of  the  low-water  survey  of  October,  1882,  the 
party  under  Assistant  Engineer  Blunt  made  ahydrographic  survey  of  the  Choctaw  Reach 
firom  A  Caulk's  Point  to  A  Arkansas  City,  occup^^ing  them  from  November  16  to  Decem- 
ber 31, 1^2,  the  party  returning  to  Wilson's  Point  on  the  latter  date. 

During  January,  1883,  maps  were  made  of  the  Choctaw  Reach  survey,  of  comparative 
soundings  at  Pilcher's  Point,  and  soundings  taken  from  foot  of  Island  93  to  foot  of  Island 
94;  pile  dikes  were  located,  and  the  lines  of  regularized  river  marked  by  flags  on  range 
lines  on  Baleshed  Bar.  In  February  and  Mareh,  soundings  for  comparison  were  taken  in 
various  parts  of  the  reach  near  Duncansby  and  Baleshed  Bars  and  Mayersville  Island, 
maps  of  which  were  made  and  are  on  .record.  Caving  banks  were  resnrveyed,  showing 
changes;  new  levees  located  from  Duncansby  to  Homochitto,  at  Elleslie,  and  at  Shorts, 
and  a  general  preparation  made  in  o£Sce  and  field  for  a  high- water  survey.  A  variety  of 
map  work  was  done.  In  April  and  May  a  high-water  survey  was  made  from  Pilcher's 
Point  to  Range  100;  contour  and  section  maps  made.  Sections  for  comparison  were 
sounded  in  the  Duncansby  and  Baleshed  chutes,  and  similar  work  done  in  June,  July, 
and  August. 

Assistant  W.  T.  Blunt  resigned  May  15,  and  was  succeeded  by  Assistant  Hart  Vance, 
who  took  charge  May  17.  In  September  a  complete  low-water  survey  was  made  from 
Range  14  to  Range  107,  shore  lines  and  bais  resurveyed,  and  water  sur&ces  determined 
for  slope  in  various  parts  of  the  reach. 

The  survey  was  concluded  in  October,  and  nuqm  made  of  same,  and  also  in  reduced 
scale  for  annual  reports.  This  survey  shows  Duncansby,  Mayersville,  Baleshed,  and 
Stadc  Island  chutes  closed  at  low  water,  and  a  channel  of  not  less  than  10  feet  at  1.5 
on  the  Lake  Providence  gauge  through  the  reach  from  Ashton  to  Point  Lookout. 

The  lowest  gauge  reading  for  the  year  was  4.45  (L.  P.  gauge),  October  5,  so  that  at 
the  period  of  lowest  water  during  this  year  there  was  a  channel  of  not  less  ibaa  fifteen 
feet  in  that  part  of  the  river  covered  by  the  survey.  The  maps  accompanying  annual 
report  show  all  dike  and  mat  work  constructed  since  the  b^inning  of  l&e  work  and 
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staoding  October  31 ;  also  the  sand-bars  appearing  at  the  time  of  the  September  snirey, 
and  the  same  bars  as  they  woald  have  appeared  in  December,  1881,  before  the  constrac- 
tion  work  commenced,  had  the  river  been  at  the  same  stage  the  September,  1883,  sur- 
vey was  made.  The  Louisiana  shore  line  at  Pilcher's  Point  has  caved  back  200  yards 
stnoe  low-water  survey  of  1882.  The  maps  of  comparative  sections  were  taken  from 
surveys  of  February,  1882,  and  September,  1883,  and  show  nearly  the  total  change  in 
the  channel  since  the  beginning  of  dike  construction,  as  but  little  was  done  previous  to 
February,  1 882.  Regular  ten-day -progress  sketches  of  construction  work  were  furnished 
up  to  July  1,  except  while  the  party  was  engaged  on  the  Choctaw  Reach.  Since  that 
date  they  have  been  made  once  a  month.  All  soundings  were  located  either  by  transit 
or  sextant  in  regular  surveys;  shore  lines  and  bars,  by  stadia  lines  checking  upon  trian- 
gulation  stations.  In  September  gauges  reading  the  same  as  the  Lake  Providence  gauge 
were  set  at  Lake  Providence  and  Baleshed  dikes,  Wilson's  Point,  and  Sarah's  Island,  to 
determine  slope.  Of  these,  the  ones  at  Baleshed,  Lake  Providence,  and  Wilson's  Point 
have  been  read  twice  daily;  a  gauge  has  been  maintained  at  the  quarter-boat  the  entire 
year,  readings  being  taken  at  7  a.  m.  and  6  p.  m. 

Feet. 

Lowest  gauge  reading  October  5, 1883 4.45 

Highest  gauge  reading  July  6,  1883 35.30 

OsdUation  of  river 30.85 

Summary  of  work  done  by  the  survey  party. 


Choctaw 


Lake  Provi- 
dence Beaoh. 


Totals. 


Ctoneral  surveys 

Komber  of  soundings 

Ranges  located 

Shore  lines  located 

Slope  observations 

1>iangular  stations  built 

Triangular  stations  located... 

Special  survesrs 

liongitudinal  soundings 

Levels  run 

JMapamade 

Tracings... 


..milei 


1 

78 
26 
10 
M 

ao 


2 
18,285 


..miles.. 


25 
16 
17 
12 
18 
148 
25 


8 
15,278 
78 
00 
26 
58 
42 
18 
148 
25 
57 
47 


This  party  was  under  the  charge  of  Assistant  Engineer  W.  T.  Blunt  until  May  13, 
1683,  and  fh)m  that  time  until  November  1,  under  that  of  Assistant  Engineer  Hart 
Vance.  The  above  report  of  the  work  done,  and  the  tracings  accompanying  this  report, 
have  been  furnished  by  Assistant  Engineer  E.  D.  Thompson,  who  ia  at  present  in  charge 
of  the  party. 

Piant,  At, 

The  following  is  a  list  of  boats  and  barges,  &c.,on  reach  November  1, 1883:  19  quar- 
ter-boats; 1  boat  used  as  machine  and  repair  shop;  1  tow-boat  (Vidalia);  3  tow-boats 
(chartered);  1  steam-launch  (Nellie);  1  snag-boat  (O.  G.  Wagner);  2  hydraulic  graidcrs; 
1  derrick-boat;  9  large  mattress-boats;  4  small  mattress-boats;  21  pile-drivers;  5  coal- 
barges  (decked) ;  46  decked  barges  (brush  and  stone) ;  1  catamaran;  9  coal-barges  (open) ; 
1  coal-boat;  10  small  flats  for  pile-driving;  60  skifb;  195  pieces  in  all. 

Five  of  these  quarter-boats  were  built  here  on  the  hulls  of  coal-barges,  one  coal-barge 
decked  and  one  cut  down  to  serve  as  a  mooring-barge.  The  rakes  and  sides  of  35  barges 
and  5  pile-drivers  have  been  caulked,  changes  and  repairs  made  to  pile-drivers,  and  the 
general  repairs  incident  to  so  large  amount  of  floating  property,  kept  up.  The  plant  is 
generally  in  good  condition  except  some  of  the  coal-boats,  which  are  worthless.  The 
bottoms  of  some  of  the  barges  will  need  caulking  next  season. 

The  average  cost  of  subsuting  the  employes  for  each  days'  labor  secured,  has  been 
42.2  cents,  including  cost  of  ice  during  the  warm  months.  The  number  of  days'  service 
obtained  each  month  has  been  as  follows: 


December,  1882 14,077 

January,  1883 19,008 

February,  1883 10, 826 

March,  1883 6,785 


April,  1883 8,565 

May,  1883 9,721 

June,  1883 13,017 

July,  1883 13,296 


August,  1883 14, 547 

September,  1883...  12,234 
October,  1883 14,841 
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OEKEBAL  BEMABK8. 

The  general  effect  of  the  work  done  has  been  such  as  to  give  a  better  channel  through 
the  crossings  which  heretofore  at  low  water  have  been  shoal.  At  the  lowest  water  this 
year,  4.45  feet  on  the  Lake  Providence  gange,  there  was  a  good  16-foot  steamboat  chan- 
nel through  the  entire  length  of  the  reach,  as  shown  by  the  October  sarvey.  Difficulties 
have  been  enooantered  in  pushing  the  work  during  the  months  of  August,  September, 
and  October,  principally  on  account  of  lack  of  labor  and  sickness  among  the  men,  caused 
by  the  malaria  incident  to  this  climate.  Neither  sufficient  material  could  be  obtained 
fh>m  the  the  contractors,  nor  labor  to  have  used  it  had  material  been  supplied.  During 
these  months  but  little  progress  can  be  made,  reducing  the  time  when  work  can  be  done, 
so  as  to  take  advantage  of  the  low- water  season,  to,  say  about  three  months  from  the 
middle  of  October  to  the  middle  of  January.  White  laborers  in  August,  September,  and 
until  about  the  middle  of  October  get  sick  soon  after  their  arrival  and  become  inefficient; 
the  colored  labor  prefer  cotton-picking  and  leave  the  work  about  this  time.  The  labor 
question  during  these  months  is  a  serious  one,  and  together  with  the  difficulty  of  obtain- 
ing sufficient  material,  brush  and  stone,  on  account  of  its  bulk  and  the  distance  it  has 
to  be  transported,  will  always  be  serious  drawbacks  to  the  rapid  prosecution  of  the  work 
when  the  condition  of  the  river  is  the  most  £»vorable  to  work  to  the  best  advantage, 
which  is  generally  at  this  season  of  the  year.  To  the  assistant  engineers  in  chary^  of 
the  construction  parties  and  those  engaged  under  them  credit  is  due  for  the  interest  dis- 
played, the  abili^  shown  in  pushing  Uieir  work,  often  under  unfavorable  conditions, 
and  to  their  untiring  effi>rts  in  this  direction,  in  a  great  measure,  is  due  whatever  success 
has  been  attained.  The  assistant  engineers  in  chiSge  of  the  surveys  have  also  kept  their 
work  well  up,  as  evidenced  by  the  surveys  made  and  maps  furnished.  To  all  the  em- 
ployes I  feel  under  obligations  for  their  hearty  support  in  carrying  on  the  work. 
Very  respectftdly, 

ASTHUB  Htdkb, 
jMiaUwi  Engineer  in  Charge. 

Capt  W.  L.  Mabshall, 

Oorpg  ofEngineerif  U,  8,  A. 

L2. 

BEFOBT  OF  J.  B.  TUBTLB,    ASSISTANT    ENOIKBEB,    17F0K  0PEBATI0N8  AT  PXLCHEB'S 

POINT. 

PiLCHEB's  Point,  La.,  November  3,  1883. 

Captain:  In  compliance  with  your  orders  of  September  21,  I  have  the  honor  to  sub- 
mit herewith  the  following  report  of  operations  of  the  improvement  of  the  Mississippi 
River  at  Pilcher's  Point,  from  Kay  17  to  October  31,  1883: 

This  work  was  originally  assigned  to  Assistant-Engineer  J.  £.  Willard,  who,  under 
your  instructions,  reached  Pilcher's  Point  on  May  17,  and  with  a  small  labor  force, 
four  carpenters  and  blacksmith,  commenced  the  erection  of  such  buildings  and  making 
such  preparations  as  were  necessary  for  the  b^^inning  and  completion  of  this  work. 

The  buildings  erected  are  as  follows:  1  office  and  sleeping  apartment  for  assistant  en- 
gineer and  clerks,  1  kitchen  and  dining-room,  1  commissary,  1  store-room,  1  stable,  1 
blacksmith  shop. 

Besides  the  above  carpenter  work,  there  was  constructed  in  the  early  part  of  the  sea- 
son one  mattress  head,  163  by  20  feet,  which  will  be  hereafter  described,  and  ventilators 
were  put  on  three  quarter-boats.  While  the  above  work  was  in  progress  the  labor  force 
was  employed  in  cutting  timber  from  caving  bank,  and  cutting  poles  for  mattress. 

Owing  to  the  scarcity  of  labor,  the  force,  which  consisted  of  20  men,  could  not  be  ma- 
terially increased,  and  it  was  August  13  when  the  necessary  preparations  were  made  for 
the  construction  of  mattress.  On  that  date  a  mat  was  bc^un.  As  there  was  no  tow-boat 
at  this  time  secured  for  this  work,  and  as  the  Sickly  season  was  approaching,  with  a 
probable  shortage  of  material  on  part  of  the  contractors,  on  August  16  you  issued  orders 
that  there  should  be  no  further  steps  taken  to  increase  the  force. 

Mattress  construction  was  continued  without  any  material  change  in  the  force  untU 
September  15,  when  orders  were  received  to  increase  the  force  as  rapidly  as  possible. 

Assistant  Engineer  J.  E.  Willard  resigned  on  August  31,  and  I  was  placed  in  charge, 
having  reported  for  duty  on  August  27. 

From  September  15  every  available  step  was  taken  to  increase  the  force,  but  owing  to 
the  continued  warm  weather  there  was  a  marked  scarcity  of  labor  until  the  early  part 
of  October.    On  October  3  a  brush  party  was  started  on  Sarah's  Island,  opposite  Ashton, 
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with  a  force  of  thirly-onc  laborers;  which  f(Nroe  was  increased  as  much  as  could  be  done 
without  any  detriment  to  the  constrnction  of  mattress. 

The  bmsh  party  is  at  present  making  good  progress,  and,  with  the  addition  of  the  tram- 
cai8  now  ordered,  will  supply  the  three  mattress-boats  at  this  place.  The  shortest  haul 
of  the  brush  is  one  mile,  aud  I  think  there  can  be  secured  fh)m  Sarah's  Island  8,000 
cords  of  choice  brush. 

DESCBIPTION  OF  WOBK. 

The  mattresses  are  constructed  in  the  usual  way,  upon  ways  built  on  mattress-baiges, 
launches  being  made  when  the  ways  are  full,  by  means  of  lines  and  captains;  the  mat^ 
rial  employed  being  poles,  longitudinal  and  transverse,  willow  brush,  spikes,  wire,  and 
iron  rods  which  run  longitudinally  through  the  mattress.  These  rods  are  fastened  to- 
gether by  means  of  lap-links,  and  fastened  to  the  weaving-poles  by  means  of  staples;  at 
every  hundred  feet  they  are  &»tened  to  the  mat  by  wire,  the  connection  of  the  rods  be- 
ing continuous. 

The  brush  is  hauled  by  mules,  on  cars  properly  adapted  for  the  purpose.  These  cars 
are  four  feet  gauge,  and  run  on  a  track  made  of  wooden  rails,  iron  rails  being  employed 
in  the  curves. 

On  October  16,  the  first  mat  at  this  place  was  successfully  sunk,  and  two  others  com- 
menced; one  at  the  head  of  caving  bank,  the  other  overlapping  the  one  sunk.  The  loca- 
tion of  these  mats  is  shown  on  tracings  accompanying  this  report.  At  this  date  there 
are  under  construction  two  mattresses,  one  150  feet  in  width,  the  other  182  feet  in  width. 
Each  of  these  is  making  good  progress,  and  is  being  pushed  as  rapidly  as  possible.  The 
amount  of  mat  made  now  per  day  is  nearly  double  that  made  ten  days  ago,  without  any 
change  in  the  force  employed.  This  is  due  to  the  iact  that  when  laborers  come  here  the 
work  is  entirely  new  to  them. 

There  is  in  readiness  a  third  mattress  barge,  which  will  be  put  in  use  as  soon  as  the 
supply  of  brush  can  be  increased.  One  of  the  mattress  boats  is  supplied  vnth  poles  by 
hired  labor,  the  other  is  furnished  by  a  contractor. 

The  mattress  head  employed  and  intended  to  be  used  instead  of  a  mooring-barge 
proved  a  perfect  success;  a  drawing  of  this  mattress  head  is  submitted  with  this  report 
This  mattress  head  consists  of  two  chords,  20  feet  apart,  with  a  series  of  cross  and  diag- 
onal bracing,  and  a  hog-chain,  as  shown  in  drawing. 

The  up-stream  chord  is  12  inches  in  width  by  30  inches  in  depth;  the  lower  one  12 
inches  in  width  by  19  inches  in  depth;  these  chords  are  one  hundred  and  sixty-three  feet 
in  length,  and  have  a  camber  of  6  inches;  they  are  constructed  of  pine  plank.  During 
the  construction  of  the  mattress  it  is  by  lines  anchored  to  the  mattress  head.  During 
the  sinking,  the  mattress  head  is  sunk  vnth  the  mat,  and  by  means  of  a  lever  and  tripe 
the  mattress  head  is  released  irom  the  mat  and  again  used.  The  method  employed  in 
sinking  and  releasing  the  mattress  head  is  as  follows:  The  mat  to  which  it  was  attached 
T^as  1,228  feet  in  length  by  152  feet  in  width.  The  sinking  of  the  mat  was  commenced 
near  the  center  and  the  mat  loaded  vnth  stone  both  ways;  in  this  way  the  entire  mat 
"was  gone  over  and  sunk  to  a  depth  varying  from  10  feet  to  35  feet. 

Two  barges  were  then  lashed  together  side  by  side,  and  about  8  feet  apart,  and  placed 
about  60  feet  from  mattress  head;  and  this  portion  of  the  mat  loaded  for  the  second 
time.  These  barges  were  by  means  of  lines  puiled  up  stream  and  toward  the  mattress 
head,  the  stone  b^g  thrown  from  each  barge  on  the  up  and  down  stream  sides.  This 
loading  caused  the  mattress  head  to  sink  rapidly.  Previous  to  this  second  loading  of 
the  mattress,  the  depth  of  water  at  outer  end  of  mattress  head  was  carefully  taken, 
a  sounding  line  was  made  fust  to  lower  chord  of  mattress  head  and  held  by  a  man 
in  a  skiff,  the  object  of  this  was  to  know  how  rapidly  the  mattress  head  was  sinking, 
^hen  it  had  sunk  to  f  of  the  entire  depth,  ten  men  who  were  ready  to  haul  on  a  line 
made  fast  to  ring  at  upper  end  of  lever  were  ordered  to  pull.  The  mattress  head  was 
at  once  released,  and  the  head  of  the  mat  being  relieved  of  its  buoyancy  sank  rapidly  to 
the  bottom. 

The  snag-boat  Wagner  reported  for  duty  on  September  21,  and  has  been  employed  in 
pulling  snags  from  this  bend;  she  was  employed  7  days  pulling  piles  fh>m  dike  at  head 
of  Duncansby  chute,  and  has  lost  5}  days  in  making  repairs. 

Towboat  Pearl  reported  for  duty  September  22,  and  has,  vnth  the  exception  of  a  few 
days,  been  constantly  employed. 

SUMMABY  OF  WOBK  DONS. 

Built:  One  office  and  sleeping-room,  28  by  22  feet;  1  kitchen  and  dining-room,  30  by 
18  feet;  1  commissary,  32  by  20  feet;  1  vmrehouse,  32  by  20  feet;  1  stable,  20  by  15  feet^ 
1  blacksmith  shop,  14  by  16  feet;  1  mattress  head. 

Ventilators  placed  on  3  quarter-boats.  * 
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Rooft  of  4  quarter-boats  painted. 

Mattress  constmcted:  928  by  152  feet,  300  bj  236  ieet»  610  bj  150  feet,  585  by  182 
feet 

Mattress  sank:  928  by  152  feet,  300  by  235  feet. 

Snags  palled:  184;  piles  palled,  122;  oords  of  bnuli  cat,  2.050;  cords  of  brash  haoled 
and  1(Mided  on  barges,  1,109;  oords  of  poles  cut,  94. 

Feet  of  track  laid,  8,324;  feet  of  track  cordoroyed.  1,872. 

Timber  bos  been  cleared  from  the  bank  below  Fiicher's  Point  for  a  distance  of  5,248 
feet  and  400  feet  in  width,  and  above  Pilcher's  Point  for  a  distance  of  1,480  by  100  feet 
in  width. 

Respectfhlly  snbmitted. 

J.  £.  TOBTLE, 

U.  A  Ami,  SH^fmeer. 
Oapt  L.  W.  S.  Matmfatj., 

Corps  of  Enffineen,  U,  8.  A. 


L3. 

SKFOBT  OF  H.  ST.  L.  OOPPis,  AflfidBTANT  ENGIKSSB,  UPON  nfFBOVKMSKT  OF  YICKB- 

BUBQ  HABBOB. 

OCTOBEB  21,  1883. 

Captain  :  I  have  the  honor  to  snbmit  herewith  a  report  on  the  improvement  of  Vicka- 
baig  Harbor,  dating  from  December  1, 1882,  to  October  10,  1883,  accompanied  by  maps, 
proSles,  tables.  Sec 

Very  respectfhlly,  yonrs, 

H.  St.  L.  CoppiB, 

AsnttatU  Engineer. 
Oapt.  W.  L.  Mabshall, 

Offrpe  of  Engineers,  U,  8.  A. 

BEPOBT    on  IMPBOVEMENT    OF    YICKSBUBG   HABBOB,    FBOH  DECBMBSB  1,    1882,  TO 

OCTOBEB  10,   1883. 

I  have  divided  the  following  report,  in  accordance  with  the  proffress  of  the  work,  into 
five  parts,  viz:  The  protection  of  Delta  Point,  La.  ;  dredging  in  YicSsbnig  Harbor  proper; 
sorvey  of  harbor  and  Mississippi  River  in  the  vicinity;  resnlts  obtained  by  comparison 
of  snrveys  from  1877  to  1883;  and  tables. 

The  protection  of  Delta  Point,  with  a  view  to  stopping  H;he  caving  of  its  banks  and 
keeping  the  channel  of  the  river  as  near  its  old  bed  as  possible,  was  commenced  in  1878 
and  carried  on  in  sncceedin^  years  np  to  the  season  of  1882,  ander  the  direction  of  M^j. 
W.  H.  H.  Benyaard.  Danng  this  time  a  spar-dike  was  constracted  with  bnfth  and 
stone,  two  screen-dikes  bnilt  and  anchored  in  the  carrent,  and  144  mattresses  sank  (as 
shown  on  maps),  the  last  mattress  sank  in  1881,  occapying  a  position  jaat  below  the 
spur-dike.  In  October,  1882,  I  commenced  the  fhrther  revetment  of  the  point,  nnder 
year  directions.  In  compliance  with  an  order  received  from  yon  November  24,  1882,  I 
forwarded  to  yoar  office  a  report,  accompanied  by  maps,  giving  the  positions  and  extent  of 
the  work  accomplished  at  Delta,  np  to  Decembcar  1  of  tiiat  year;  also  a  description  of  the 
methods  adopted  and  ander  way,  for  protecting  the  banks  against  the  action  of  the 
carrent.  These  methods  were  not  changed,  bat  3ie  work  carried  on  in  the  same  manner 
to  its  completion,  with  the  one  exception,  that  the  plan  of  drivins  piles  throngh  the  apper 
edge  of  the  mattress  was  abandoned,  so  that  noobstractions  would  be  ofiered  to  the  sinlong 
of  mats  on  the  upper  graded  bMik  during  high  water,  in  place  of  revetment,  which  it 
would  be  impossible  to  build. 

December  1,  1882,  the  condition  of  the  work  was  as  follows: 

Grade  of  upper  bank,  finished  to  a  slope  of  about  2}  tol linelur  feet..  1,476 

Grade  partly  finished - do 300 

Poles  or  frame- work  on  upper  bank do 306 

Upper  bank  revetted  with  brush , do 800 

Upper  bank  revetted  with  brush  and  covered  with  stone square  yards..  2,929 

Foot-mats  built,  35  feet  wide linear  feet..     400 

Foot-matB  built  and  sunk,  35  feet  wide —.do 140 

Mattresses  constructed.  144  feet  wide.— do 1,260 

Mattresses  constructea  and  sunk,  144  feet  wide do 894 

Piles  driven  through  edge  of  mattresses 54 
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At  this  lime  the  water  was  atanding  at  13.7  feet  on  the  gange,  and  all  other  conditions 
favorable  for  pushing  the  work.  About  440  men  were  employed;  90  at  the  brush  camps, 
10  at  the  pole  camp,  322  constructing  mattresses,  revetting  the  upper  bank,  grading  with 
shovels,  &c.,  and  18  on  the  hydraulic  grader.  This  force  was  as  great  as  we  could  pos- 
sibly keep  in  work,  with  the  plant  in  use.  The  work  was  carried  on,  the  force  employed 
varying,  butapprozimatingtheabovenumber,  until  February  10, 1883,  when,  owing  to  the 
high  stage  of  water  and  lack  of  ftmds,  it  was  abandoned.  Januaiy  5, 1883,  the  hydraulic 
l^rader  No.  1,  having  cut  the  banks  to  the  required  slope  as  far  down  the  river  as  it  would 
be  possible  to  mattress  during  the  season,  returned  to  Wilson's  Point,  having  during  its 
stay  at  Delta,  from  November  7  to  Januaiy  5,  graded  3, 500  linear  feet  of  bank.  During  the 
month  of  Decemberit  moved  38,790cubic  yards  of  earth.  Operations  duringthe  month  of 
Febnuuy  were  carried  on  with  much  difficulty,  owing  to  the  high  stage  of  water,  swift 
current  and  constant  annoyance  occasioned  by  the  drift  in  the  river;  at  one  time  the  pres- 
sure from  the  latter  on  our  mattress  barge,  was  so  great  as  to  break  the  lines  connecting 
it  wiUi  the  floating  mattress,  and  cfury  it  down  the  river  nearly  a  mile.  The  mattresses 
were  also  sunk  with  trouble,  the  drift  having  accumulated  under  them  to  such  an  extent 
during  their  construction.  During  the  progress  of  the  work,  t.  r. ,  from  October  10, 1 882 — 
to  February  10, 1883 — ^no  portion  of  the  mattresses,  foot-mats,  or  bank  revetment  was  lost. 
The  work  aocompUshed  during  this  time  was  as  follows: 
Mattresses  constructed  and  sunk: 

MattreasNo.    1 feet..  130X184 

Mattress  No.    2 do...  140    365 

MattreasNo.    3 do..-  144    358 

Mattress  No-    4 do...  144    280 

Mattress  No.   5 do._.  144      87 

Mattress  No.    6 do-_  144    300 

Mattress  No.    7 _ do...  144    285 

MatteeasNo.    8 do...  144    400 

MattreasNo.    9 do.. _  144    460 

Mattress  No.  10 do...  144    408 

Biattress  No.  11 do...  136    475 

Mattress  No.  12 do—  144      80 

Mattress  No.  13 do— -    80    745 

Mattress  No.  14 do...  140      45 

Mattress  No.  15 .do—  140      40 

Mattress  No.  16 do™  150      40 

Foot-mats  constructed  and  sunk,  about  35  feet  wide linear  feet. .  830 

Bank  revetted  and  covered  with  stone do 3, 500 

Piles  driven—- .— 96 

Bank  graded,  grader  No.  1,  3,500  feet  \                                      linearfeet  4  500 

Bank  graded,  shovels,           l,000feet  / iinearieei-  4,500 

U  nfinished  work : 

Revetted,  but  not  stoned feet..  400x25 

Pole  or  frame  work  finished do...  112    18 

The  position  and  extent  of  the  work  is  shown  in  plan,  as  on  accompanying  plate.  The 
cost  of  protecting  the  bank  at  Delta — i.  e,,  the  cost  for  labor  and  materiaJs,  not  including 
camp  expenses,  purchasing  tools,  rope,  general  outfit,  towing,  superintendence,  assist- 
ants, clerks,  &c. — ^was  as  follows: 

OoH  of  eonatruding  and  sinking  100  feei  of  maUress  lAAfeet  wide. 

Brush,  60  cords,  at  $2.53 $151  80 

Poles,  166,  at  32  cents J 63  12 

Wire  No.  12,  170  pounds,  at  5  cents 8  60 

Spikes,  6-inch,  50  pounds,  at  5  cents 2  50 

Nails,  40d,  30  pounds,  at  4  cents. 1  20 

Kock,  60  cubic  yards,  at  $1.90 114  00 

50  men,  1  day,  at  $1.65  (including  subsistence) 82  50 

1  foreman,  at  $2.15  (including  subsistence) 2  15 

1  master  laborer,  $1.90  (indnding  subsistence) 1  90 

Total 417  60 

CkMitp^  linear  foot  of  mats 4  17 
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CkMt  of  100  feet  of  upper  bank  reyetment,  75  feet  wide. 

BroBh,  30  cords,  at  $2.53 |75  90 

Poles,  150,  at  32  cents 48  OO 

Wire,  No.  12,  375  pounds,  at  5  cents. 18  76 

Spikes,  6  inches,  60  pounds,  at5  cents '. - 3  OO 

Rock,  150  cubic  yards,  $1.90 285  00 

Fifty  men  (1  day),  $1.65  (including  subsistence) 82  60 

One  foreman  (1  day),  $2.15  (including  subsistence) 2  15 

One  master  laborer  (1  day),  $1.90  (including  subsistence) - 1  90 

Total — .    617  20 

Cost  per  linear  foot  of  revetment,  $5.17. 

The  excessive  cost  of  willow  brush  and  poles  used  in  the  above  estimate  was  due  to 
the  long  haul  necessary  in  order  to  obtain  tiiem  of  the  desired  size  and  quality  and  in 
sufficient  quantities,  and  also  to  the  soft  condition  of  the  bar  from  which  they  were  se- 
cured. 

Cost  of  grading  100  feet  of  bonk  75  feet  wide  (average  30  feet  high  above  water  sur^ 
face:  Average  excavation  grader  No.  1  in  bank;  100  feet  by  75  feet  =  3,000  cubic  yards, 
at  5  cents,  $150. 

Grading  with  shovels: 

Seventy  men  f 2  days),  $1.65  f including  subsistenoe) - $231  00 

One  foreman  (2  days),  $2.15  (including  subsistence) 4  30 

One  master  laborer  (2  days),  $1.90  (including  subsistence) -        3  80 

Snudl  grader  and  boxer,  $7.00  per  day  (2  days) 14  00 

Total 403  10 

Cost  of  grading  per  linear  foot,  $4.03. 

BBCAFITUULTION. 

Cost  of  mats  per  linear  foot . $4. 17 

Cost  of  revetment  per  linear  foot 5.17 

Cost  of  grading  per  linear  foot 4. 05 

Cost  of  protecting  bank  per  linear  foot 13. 37 

February  10  the  water  stood  32.7  feet  on  the  Yicksburg  gauge,  and  continued  at  a  high 
stage,  as  shown  in  the  table  of  gauge  readings,  appended,  until  early  in  July.  During 
this  entire  time  a  current  of  5.6  feet  per  second,  swept  by  the  revetted  bank,  making 
further  operations  there  impracticable,  even  had  the  work  been  incomplete  and  funds 
available.  In  the  latter  part  of  February  you  directed  me  to  have  five  of  the  coal  barges 
used  during  the  season  decked,  for  the  purpose  of  carrying  brush  on  the  Lake  Providence 
reach;  this  was  accomplished,  and  they  were  sent  early  in  March  with  the  balance  of  the 
Delta  outfit  to  Wilson's  Point. 

DREDGING  IN  VICK8BUBO  HABBOR. 

The  first  pi^  of  the  original  plan  recommended  by  the  Board  of  Engineers  (January, 
1878)  for  the  improvement  of  the  harbor,  t.  c,  the  protection  of  Delta  Point,  having  been 
accomplished,  the  second  part,  or  dredging  a  canal  and  basin  in  front  of  the  city,  was 
commenced  April  5,  1883.  November  30,  1882,  the  contract  for  dredging  was  awarded 
to  Mr  Ritteuhouse  Moore,  of  Mobile,  the  understanding  being  that  in  accordance  with 
the  specifications  issued  by  you,  he  would  commence  work  before  February  1, 1883,  and 
finish  to  the  full  extent  of  the  available  funds  ($100,000)  by  October  1  of  the  same 
year.  April  2,  or  two  months. after  the  time  specified  in  the  contract,  the  dredge  Thos. 
H.  Hemdon  was  towed  into  the  harbor;  and  April  5  commenced  excavating;  your  in- 
structions being  to  dig  a  basin  1 ,700  feet  long  by  320  feet  wide,  down  to  a  horizontal  plane 
passing  through  the  zero  of  the  gauge,  thence  to  the  same  plane,  a  cansd  into  the  lake  150 
feet  wide  by  approximately  2,500  feet  long  (the  position  of  canal  and  basin  is  shown  on 
accompanying  plate,  XI),  thence  to  move  the  dredge  to  the  southwest  entrance  to  the 
lake,  and  cut  a  channel  through  the  bar  forming  there,  of  sufficient  width  and  depth  to 
allow  boats  to  enter  with  a  view  to  giving  Vicksbuig  a  temporary  harbor  during  low 
water.  The  dredge  was  what  is  known  asa  crab  or  clam-shell  dredge,  capable  of  exca- 
vating, when  well  handled,  on  an  average  4,000  cubic  yards  in  twenty-four  hours. 

Up  to  April  10  work  was  carried  on  in  the  day-time  only,  but  from  that  day  until 
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its  abaDdonment  on  ftcoonnt  of  low  water  the  dredge  worked  twenty -fonr  honrs  each 
day,  with  the  exception  of  Sundays,  which  were  used  for  repairs  to  machinery.  Two 
inspectors  were  employed  by  the  Government  to  measure  the  amount  of  material  exca- 
vated and  placed  in  scows,  each  inspector  remaining  on  the  dredge  twelve  hours,  thus 
dividing  the  day  into  two  watches,  as  wa§  also  done  by  the  crew  employed  by  the  con- 
tractor. Two  scows  were  used  to  convey  the  material  excavated  to  the  point  designated 
by  the  inspector.  The  capacity  of  the  scows  were  respectively  116  and  266  cubic  yards. 
The  material  was  dumped  in  the  low  ground  in  the  willow  ridge  opposite  the  compress 
^  (aa  shown  on  map),  the  haul  or  tow  being  about  one  mile,  round  trip,  from  the  center 
of  the  basin.  At  first  it  was  impossible  to  dredge  to  the  desired  plime  (zero),  as  the 
guide  or  bucket-poles  were  not  of  a  sufficient  length  to  allow  of  the  bucket  reaching 
that  depth,  thus  making  it  necessary  to  go  over  a  portion  of  the  proposed  basin  twice. 
It  will  be  noticed  by  a  glance  at  the  gauge  table  that  during  the  early  stages  of  the  work, 
nearly  two  months,  the  water  was  above  the  forty-foot  mark;  the  dredging  was  neces- 
sarily slower  and  performed  vnth  greater  difficulty  than  afterwards,  when  the  river  fell 
to  a  lower  level.  During  the  progress  of  the  work  there  were  numerous  break-downs 
and  delays,  in  many  instances  caused  by  bad  management  on  the  part  of  those  represent- 
ing the  contractor.  At  times  the  force  employed  on  the  dredge  was  not  sufficient  to  do 
the  work  properly.  There  were  also  some  delays  caused  by  the  careless  handling  of 
boats  that  frequented  the  harbor,  miming  over  the  guide  stakes,  lights,  &c.  This,  however, 
was  soon  remedied  by  cautioning  the  pilots,  it  being  to  their  interest  to  help  rather  than 
to  retard  the  work.  The  dredging  was  at  nrst  oon&ed  to  the  basin,  the  material  being 
taken  out  in  cuts  40  feet  wide,  but  not  to  the  zero,  as  stated  above,  because  of  the  short- 
ness of  the  bucket-poles.  Six  parallel  cuts  were  taken  out  the  entire  length  of  the  basin, 
commencing  at  the  western  edge  and  working  eastward  to  a  plane  about  5  feet  above 
zero;  thence.  May  26,  the  dredge  was  moved  to  its  eastern  edge,  and  the  water  being 
sufficiently  low  commenced  excavating  to  the  zero.  Four  cuts  were  made  working  west- 
ward with  the  exception  of  a  small  ridge  in  front  of  and  dose  to  the  elevator,  which  it 
was  impossible  to  dig  with  the  bucket  in  use.  As  the  contractor  claimed  that  this  msk- 
terial  was  rock,  I  had  borings  made  and  found  it  to  be  as  I  anticipated,  simply  a  hard, 
compact  deposit. 

The  contractor  was  requested  to  send  us  a  bucket  capable  of  removing  this,  but  did 
not  comply  with  the  request.  July  18  the  condition  of  the  work  was  as  follows  (all  the 
operations  having  been  confined  to  the  basin) : 

Four  cuts  or  160  feet  from  western  edge  excavated  to  -f  6  feet  Four  cuts  or  160  feet 
fh>m  eastern  edge  excavated  to  zero,  leaving  160  feet  to  be  re-dredged  in  order  to  finish 
the  basin  to  the  required  depth.  There  was  practically  no  more  work  done  in  the  basin. 
As  the  water  at  this  time  (July  18)  had  fallen  to  38  feet  on  the  gauge  and  was  going  down 
rapidly,  you  thought  it  expedient  before  finishing  the  basin  to  make  a  couple  of  cuts  (a 
canal  80  feet  wide  to  zero)  to  deep  water  in  the  lake,  in  order,  if  possible  to  prevent  the 
necessity  of  moving  the  wharf  boat  and  general  river  business  to  the  lower  landing.  The 
dredge  was  therefore  placed  in  the  temporary  canal,  and  worked  there  until  August  2, 
when  you  ordered  her  moved  to  the  southwest  entrance  to  the  lake.  The  lower  en- 
trance to  the  landing  was  at  that  time  dosed,  and  the  upper  or  southwestern  shoaling 
rapidly.  The  temporary  canal  was  then  in  the  following  condition:  One  cut  40  feet  by 
2,500  feet  excavated  to  zero,  and  a  portion  of  a  second  1,000  feet  to  the  same  plane.  Au- 
gust 3,  dredging  commenced  at  a  point  on  King's  Bar,  marked  on  the  map  West  Pass, 
in  twelve  feet  of  water  (the  gauge  reading  31.5  feet)  and  carried  on  up  to  the  24th.  The 
material  to  be  moved  was  of  such  a  consistency  (compact  sand)  that  the  soft-bottom 
bucket  had  to  be  abandoned,  and  one  shipped  by  the  contractor  from  Mobile  used  in  its 
place.  This  worked  to  much  better  advantage,  but  was  not  a  success.  Numerous  expe- 
dients were  resorted  to,  but  the  plan  of  making  a  passage  through  the  bar  had  finally 
to  be  abandoned  and  the  dredge  towed  back  to  the  second  cut  in  the  temporary  canal. 
The  accompanying  map  and  profiles  show  the  position  and  dimensions  of  the  excava- 
tion at  West  Pass;  its  present  condition  is  not  all  due  to  the  dredging,  but  in  great 
part  to  the  scouring  force  of  the  current  miming  from  the  lake  into  the  river  at  that 
point  The  probability  is  that  a  rising  river  will  fill  this  up  again  in  a  short  time. 
fYom  August  24  until  September  18  the  dredger  worked  in  the  temporary  canal.  At 
the  latter  date  the  gauge-reading  was  7.4  feet,  the  dredge  drawing  7.5  feet.  As  your 
orders  were  not  to  excavate  bdow  the  zero  plane,  it  was  impossible  to  continue  until  the 
river  should  rise.  The  dredge  was  therefore  removed  to  deep  water  in  the  lake,  and  as 
the  river  has  continued  to  fall  steadily,  has  remained  there  to  date.  Should  the  con- 
tractor wish  to  remove  his  outfit,  the  time  for  finishing  the  contract  (Sept.  30)  having 
expired,  it  will  be  impossible,  all  access  to  the  main  river  being  closed.  During  the 
progress  of  the  work,  a  record  of  the  material  dredged  was  kept,  giving  the  excavation 
per  scow,  per  wateh,  day,  &c.,  the  causes  of  delay,  and  general  log. 

Table  No.  10  gi^es  the  amoqj;it  of  material  es^cava^  each  month;  that  takeu  fh>i9  tb^ 
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basin,  tempomry  canal,  and  West  Pass,  nnd  totals.  The  total  nmonnt,  350,035  cnbic 
yards,  at  12.1  cents,  |42,354.23,  rainns  10  per  cent.,  |:^,  11 8. 81,  has  been  paid  the  con- 
tractor in  monthly  estimates.  The  condition  of  that  portion  of  the  lake  where  the  ex- 
cavation was  made  at  the  present  time,  to  which  I  will  refer  in  the  results  obtained  by 
comparison  of  surveys,  will  show  a  decided  filling  or  sliding  in  from  the  sides,  giving  a 
very  poor  idea  of  the  amount  of  material  originally  dredged.  There  was  also  a  deposit 
taking  place  during  the  entire  time  of  dredging,  as  shown  on  the  profiles,  Plates  XII 
and  XUI. 

8UBVEY. 

a 

Early  in  September,  in  accordance  with  instructions  to  make  a  thorough  survey  of  the 
harbor  and  Mississippi  River  in  the  vicinity,  for  the  purpose  of  comparing  the  data  thus 
obtained  with  the  surveys  of  previous  years,  with  a  view  to  ascertaining  the  probable 
additional  cost  of  dredging,  should  it  be  deemed  expedient,  and  noting  the  changes  that 
had  taken  place  in  the  main  river,  I  put  a  party  into  the  field  and  obtained  all  the  de- 
sired information  by  the  10th  instant.  The  work  in  the  inner  harbor  was  pursued  with 
some  difficulty,  being  not  only  expensive  but  dangerous,  the  mud-bar  in  front  of  the  city 
being  in  such  a  condition  as  to  necessitate  the  laying  of  plank  in  order  to  obtain  the 
elevation  of  the  ground  sounded  the  year  before.  The  laborers  employed  in  placing  the 
plank  ways  were  numerous  times  immersed  up  to  their  armpits,  and  but  for  the  boards 
to  which  they  clung  would  have  disappeared  entirely.  This  extremely  soft  deposit  ex- 
tended the  entire  length  of  the  proposed  permanent  canal  and  basin,  with  the  exception 
of  a  small  strip  of  bar  at  section  No.  1;  the  ground  there,  being  much  higher,  was  hard- 
ened by  the  sun,  but  one  foot  below  the  surface  was  very  soft,  as  I  ascertained  by  at- 
tempting to  drive  my  horse  over  it. 

The  survey  consisted  in  remeasurin^and  either  Reveling  over  or  sounding  the  sections 
sounded  in  1881  and  1882  in  the  inner  harbor,  twenty- three  in  number,  running  a  line 
of  levels  from  Ryan's  lower  saw-mill  to  a  point  on  King's  Bar  opposite  the  Delta 
wharf-boat,  obtaining  the  low-water  line  of  King's  Bar,  the  middle-ground  bar,  the  bar 
above  Delta,  and  the  bar  just  below  the  revetted  portion  of  the  Delta  Point  bank,  sound- 
ing twelve  sections  in  the  upper  lake  and  fifteen  sections  in  the  main  river.  A  meander 
line  was  run  up  to  King's  Point.  Levels  were  also  carried  from  the  gauge  at  Kleinston  to 
the  gauge  in  the  lake,  the  difierence  in  elevation  of  the  water  in  the  river  and  lake  ob- 
tained, cross-sections  made  of  West  Pass,  and  cross-sections  of  the  excavated  basin  ob- 
tained every  100  feet,  giving  the  slopes  the  sides  had  assumed.  Posts  were  planted  at 
the  end  of  each  section  in  the  inner  harbor  forfhture  use.  The  soundings  were  made  in 
every  instance  as  nearly  as  possible  on  sections  used  in  previous  years,  in  order  to  better 
compare  results.  The  levels  and  soundings  are  referred  to  the  zero  of  the  gauge  at 
Kleinston,  no  deduction  being  made  in  the  case  of  soundings  in  the  main  river  for  slope, 
but  simply  referring  them  to  the  datum  by  subtracting  the  reading  of  the  gauge  at  the 
time  of  sounding  from  the  depth  obtained. 

BE8ULT8. 

The  results  of  tbis  survey,  and  those  made  in  the  past,  I  have  collected  and  arranged 
in  the  form  of  tables,  which  will  explain  themselves,  leaving  but  little  to  be  added.  The 
data  from  whid^  the  changes  during  1877, 1878,  1879,  and  1880  were  obtained  were  very 
meager,  and  in  most  instances  but  approximate;  but  will  serve  to  show  the  general  con- 
ditions which  existed  during  those  years,  and  the  change  which  has  taken  place  in  the 
inner  harbor  since  the  time  of  the  cut-ofi"  in  1876;  a  gradual  filling  has  taken  places 
which  will  continue  until  the  lake  is  free  from  all  access  to  the  muddy  water  of  the  river, 
unless  some  means  are  adopted  to  out  off  the  current  that  flows  around  De  Soto  Island 
during  high  water.  This  current  has  existed  since  1877  to  a  greater  or  less  extent, 
having  a  velocity  in  that  year  of  nearly  one-fourth  mile  per  hour.  In  1882  it  was  hardly 
perceptible,  float  observations  made  in  July  of  that  year  showing  practically  no  velocity; 
but  during  the  last  high  water  it  traveled  from  Ryan's  mill  to  the  compress  at  the  rate 
of  one-half  mile  per  hour,  gradually  becoming  slower  as  it  reached  the  northern  end  of 
the  island.  This  has  caus^  a  more  rapid  filling  of  the  area  than  has  taken  place  for 
years. 

Glass  Bayou,  which  enters  the  lake  at  the  northern  boundary  of  the  city,  has  also  been 
the  cause  of  considerable  filling,  bringing  during  every  heavy  rain  a  great  quantity  of 
mud  from  the  adjacent  hills.  The  changes  that  have  taken  place  in  the  main 
river  during  the  last  high  water,  as  shown  on  the  accompanying  map,  are  to  a 
great  extent  a  repetition  of  what  occurred  the  year  before.  The  bar  above  Delta 
has  moved  down  stream  600  feet;  some  caving  has  taken  place  at  King's  Point. 
The  King's  Point  Bar  has  been  split,  the  sand  taken  from  its  former  crest  being  de- 
posited in  the  form  of  a  middle  ground,  outside  of  its  old  position  and  extending 
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further  down  the  river,  clodnff  more  effotaally  the  npper  cntrauce  to  the  lake,  and 
threatening  the  permanency  of  the  Kleinston  landing.  The  bank  has  caved  to  some 
extent  at  Kleinston,  and  at  present  there  is  a  strong  eddy  current  there,  the  water 
mnning  rapidly  np-stream,  fuon^  the  Kleinston  front.  The  bar  below  the  revetted 
portion  of  Delta  Point,  has  moved  out  at  its  npper  end  100  feet,  and  1,000  feet  below. 
^200  feet.  I  made  a  x^ersonal  examination  of  the  revetment  at  Delta  Point  and  found 
the  following  changes:  The  spur  dike,  built  in  1879,  has  been  swept  away,  carrying 
with  it  260  linear  feet  of  revetment;  also  at  a  point  (marked  on  drawing  of  Delta 
Point  **  Mud  flat")  where  no  revetment  was  placed,  there  has  been  some  caTing.  To 
protect  the  bank  at  and  below  the  old  dike,  and  at  this  mud  flat,  to  insure  the  perma- 
nency of  the  work  already  done,  it  will  be  necessary  to  put  down  500  linear  feet  of 
mattress  The  changes  in  the  inner  harbor  are  s^own  on  the  pioflles,  and  in  tables 
appended. 

BSmCATSS  TOR  DRBDGINO. 

• 

First  estimate,  July,  1878 f80,000  00 

Second  estimate,  July,  1680,  to  15  foot  plane,  canal,  250  by  4,800;  basin, 
600' by  l,800=2j^,555  cubic  yards,  at  15  cents 335,333  25 

Third  estimate.  1882,  slopes  1^  to  1,  canal  and  basin  same  as  in  second 
estimate=2,315,195  cubic  yards,  at  15  cents 347,279  25 

Fourth  estimate,  May,  1883,  canal  and  basin,  as  in  map,  including  tempo- 
rary canal  to — 8  foot  plane,  slopes  5  to  1,  adding  40  per  cent,  for  expan- 
sion of  material  measured  in  scows 389,960  36 

Fifth  estimate,  October,  1883,  slopes  8  to  1  on  one  side  and  natural  slope 
of  old  bank  3  to  1  on  other ;  permanent  canal,  as  shown  in  map.  exca- 
vated to  —8  plane=3,789,632.7  cubic  yards -f-40  per  cent. =5,305,485.7, 
at  15  cents 795,822  85 

Material  taken  from  the  basin  during  the  year,  244,456  cubic  yards,  at  12^ 
cents 29,579  07 

Total  amount  to  be  spent  in  order  to  finish  permanent  canal  and  basin, 
not  allowing  forfiU  during  the  progress  of^the  work 766,243  68 

Should  the  fill  in  the  harbor  be  asgreat  dnrinff  the  next  high  water,  this  estimate 
will  have  to  bo  increased  over  |3w),000,  making  the  tot^  cost,  approximately, 
$1,000,000.  The  slopes  assumed  by  the  dredged  portion  of  the  lake  are  snown  on  the 
profiles.  ' 

Tablb  No.  1. 


DKla. 

Gvige. 

Date. 

Ganfo. 

Dale. 

Qftusa. 

Itatft. 

Gauge. 

Date 

1883. 

6«Qge. 

1882. 

1888. 

1888. 

1883. 

Dec  1... 

13.70 

Jan.  1... 

1L90 

Feb.  1... 

24.70 

Mar.  4  .. 

42.70 

Apr.  4... 

43.90 

Dec  2... 

18.50 

Jan.  2... 

12.80 

Feb.  2... 

26.60 

Mar.  5... 

42.80 

Apr.   5... 

48.80 

Dec  8... 

13.80 

Jan.  8... 

18.75 

Feb,  3... 

28.80 

Mar.   6  .. 

42.90 

Apr.   6  .. 

43.70 

Dec  4... 

18.00 

Jan.  4... 

14.70 

Feb.  4... 

29.80 

Mar.  7... 

48.05 

Apr.   7... 

43.95 

Dec  6... 

12.80 

!  Jan.  5... 

15.50 

Feb.  5... 

80.70 

Mar.  8... 

43.10 

Apr.  «... 

43.85 

Dec  0... 

12.60   1  Jan.  0... 

16u40 

Feb.  6... 

81.40 

Mar.  9... 

48.10 

Apr.   9... 

43.80 

Dec  7... 

12.80  '   Jan.  7... 

17.00 

Feb.  7... 

81.90 

Mar.  10... 

48.15 

Apr.  10... 

43.75 

Dec  8... 

12.00     Jan.  8... 

17.80 

Feb.  8... 

88.10 

Mar.  11... 

43.20 

Apr.  11... 

43.70 

Dec  9... 

1L75   i  Jan.  8... 

17.80 

Feb.  9... 

82.40 

Mar.  12... 

48.20 

Apr.  12  .. 

43.  GO 

Dec  10... 

11.65     Jan.10.  . 

17.50 

Feb.  10... 

82.70 

Mar.  18... 

43.25 

Apr.  13... 

43.60 

Decll... 

11.60 

Jan.  11... 

17.55 

Feb.ll... 

82.90 

Mar.  14... 

43.25 

Apr.  14... 

43.  GO 

Dec  12... 

11.55 

!  Jan.  12... 

17.40 

Feb.  12... 

83.45 

Mar.  15... 

48.80 

Apr.  15... 

43.55 

Dec  13.. . 

11.60 

Jan.  18... 

17.80 

Feb.  18.. . 

84.10 

Mar.  16... 

48.25 

Apr.  16... 

43.55 

Dec  14... 

11.40 

Jan.  14... 

17.50 

Feb.  14... 

84.90 

Mar.  17... 

43.20 

Apr.  17... 

43.30 

DeclS  .. 

11.20 

Jan.  15... 

17.20 

Feb.  15... 

8&80 

Mar.  18... 

43.20 

Apr.  18... 

43.30 

DecW  .. 

10.90 

Jan.  16... 

16u80 

Feb.  16... 

86.70 

Mar.  19... 

43.20  1 

Apr.  19... 

43.20 

Dec  17... 

10.50 

Jan.  17... 

1&40 

Feb.  17... 

87.70 

Mar.20... 

43.15  , 

Apr.  20... 

43.10 

Dec  18... 

9.90 

Jan.  18... 

16ul0 

Feb.  18... 

88.40 

Mar.  21... 

43.05  1 

Apr.  21  .. 

43.00 

Dec  19... 

9.50 

.  Jan.10... 

16u00 

Feb.  19... 

8&95 

Mar.  22... 

43.00 

Apr.  22... 

43.00 

Dec  20... 

9.30 

Jan.  20... 

15.90 

Feb.  20... 

89.60 

Mar.  23... 

42.95 

Apr.  23... 

42.11 

Dec  21... 

9.15 

Jan.  21... 

15^90 

Feb.  21... 

4a  35 

Mar.24... 

42.80 

Apr.  24... 

42. 10 

Dec  22... 

8.80 

Jan.  22... 

1&90 

Feb.  22... 

40.60 

Mar.  25.. 

42.85 

Apr.  25... 

42.00 

Dec  28... 

&45 

Jan.  23... 

15.90 

Feb.  23... 

4L05 

Mar.  26... 

42.80 

Apr.  26... 

42.80 

Dec  24... 

aoo 

Jan.  24... 

16.00 

Feb.  24... 

41.55 

Mar.  27... 

42.70 

Apr.  27  .. 

42.70 

Dec  25... 

7.80  ' 

Jan.  25... 

16.80 

Feb.  25... 

41.85 

Mar.  28... 

42.80 

Apr.  28... 

42.1)0 

Dec26  .. 

7.70  , 

Jan.  26... 

16u90 

Feb.  26... 

42.05 

Mar.  29... 

43.00 

Apr.  29  .. 

42.50 

Dec  27.. . 

8.00     Jan.27... 

17.50 

Feb.  27... 

42.20 

Mar.  80... 

43.80 

Apr.  30... 
May    1  .. 

42.40 

Dec  28... 

8.55   1  Jan.28... 

1&40 

Feb.28  .. 

42.25 

Mar.  31... 

43.60 

42.80 

Dec  29... 

9.30   >  JaD.29... 

19.40 

Mar.  1... 

42.85 

Apr.   1... 

43.80 

May   2... 

42.20 

Dec  30... 

10.00   ,  JaD.80... 

20.70 

Mar.  2... 

42.55 

Apr.  2... 

48.90  1 

May   3... 

42.10 

Dec  81... 

10.90  , 

Jan.  31... 

22.70 

Mar.  8... 

43.65 

Apr.  8  .. 

48.90  1 

May   4  .. 

42.09 

5908  EN 179 


2850   KEPORT  OF  THE  CHIEF  OF  ENGINEERS,  U.  8.  ARMT. 

Tablb  No.  1— Oontinaed. 


Bftte. 

Ghmge. 

Date. 

Oaoge. 

Date. 

Gaoge. 

Date. 

Ghuige. 

Date. 

Oaogttw 

1888. 

1888. 

1888. 

1888. 

1888L 

Hay   5... 

41.11 

Jnne  6^.. 

88.60 

Jaly    8.. 

89l70 

Aag.  9... 

22.10 

Sept  10... 

9.20 

May   6... 

4L11 

June  7.. 

88.10 

Jaly    9.. 

89.70 

Aag.  10... 

23.00 

Sept  11... 

&90 

Hay   7... 

4L10 

Jane  8.. 

89.90 

Jaly  10  .. 

89.70 

Aag.  11... 

38.10 

Sept  12... 

&40 

May   8... 

41.00 

June  9  .. 

89.00 

Jaly  11  .. 

89.70 

Aag.  12... 

28.80 

Sept  18... 

&00 

May   0... 

4L80 

JnnelO.. 

89.10 

Jaly  12.. 

89.70 

Aag.  18... 

23.10 

Sept  14... 

7.80 

May  10  .. 

4L00 

Jane  11.. 

89.10 

July  18  .. 

89.60 

Aag!  14... 

23.00 

Sept  15... 

7.40 

May  11... 

41.80 

Jane  12.. 

89.10 

Jaly  14  .. 

89.40 

Ang.16... 

22.10 

Sept  16... 

7.20 

May  12... 

41.80 

Jnne  18.. 

89.10 

Jaly  15  .. 

89.20 

Aag.  16... 

22.10 

Sept  17... 

6.10 

May  18... 

4L70 

Jane  14  .. 

89.10 

Jaly  16  .. 

88.10 

Aag.  17... 

22.40 

Sept  18... 

6.60 

Mayli... 

4L00 

Jane  15.. 

89L00 

Ji^l7.. 

8&02 

Aag.  18... 

21.11 

Sept  19... 

6.20 

May  15... 

4L50 

Jane  10.. 

89.00 

Jaly  18.. 

87.10 

Aag.  19... 

31.40 

Sept  20... 

5.10 

May  16  .. 

41.80 

Jane  17.. 

80.10 

July  19  .. 

87.10 

Aog.  20.  . 

2a  10 

Sept  21... 

5.60 

May  17... 

41.10 

Jane  18.. 

80.10 

Jaly  20.. 

86L40 

Aag.  21  .. 

20.20 

Sept  22... 

5.20 

May  18... 

40.10 

Jane  10.. 

89.20 

July  21 .. 

Aag.  22... 

19.40 

Sept  28... 

4.10 

May  19  .. 

40.00 

Jane  20.. 

39.40 

Jaly  22.. 

85.70 

Aa^28... 

19.20 

Sept  24... 

4.60 

May  20... 

40.10 

Jane  21.. 

89.50 

Joly23.. 

84.10 

Aag.  24... 

l&OO 

Sept  25... 

4.40 

May  21... 

89l70 

Jane  22  .. 

88.50 

Jaly  24  .. 

84.40 

Ang.25... 

l&OO 

Sept  26... 

4.00 

May  22... 

89.00 

Jane  28  .. 

89.60 

Jaly  25  .. 

84.20 

Aag.  26... 

17.40 

Sept  27... 

8.10 

Mayas... 

88.50 

Jane  24.. 

89.60 

Jaly  26  .. 

84.10 

Aag.  27... 

16.10 

S<^t28... 

8.80 

May  24... 

87.11 

Jane  25.. 

89.90 

Jaly  27.. 

84.00 

Aag.  28... 

16.00 

Sept  29... 

8.70 

May  25  .. 

87.70 

Jane  26.. 

89.80 

Jaly  28  .. 

88.11 

Aag.  29... 

15.50 

8X^1.:: 

8.60 

May  20... 

87.70 

Jane  27.. 

89.80 

July  29.. 

83.60 

Aag.  80... 

14.90 

8.40 

May  27... 

87.80 

Jane  28  .. 

89.70 

Jaly  80  .. 

88.00 

i^'t: 

14.20 

Oct     2... 

8.20 

May  28... 

87.11 

Jane  29.. 

89.70 

Jnly  81 .. 

8L60 

13.80 

Oct    8... 

8.10 

May  29... 

8&00 

Jane  80.. 

89.70 

Aa«.  1... 

80.80 

s^t  s  .. 

18.20 

Oct    4... 

8.00 

May  80... 

88.20 

Jnly    1.. 

89L00 

Aog.  2... 

29.00 

Sept  8... 

12.10 

Oct     5... 

2.11 

May  81... 

88.40 

Jaly    2.. 

89.60 

Aag.  8... 

27.00 

Sept  4... 

12.40 

Oct    6... 

2.11 

June  1 .. 

8&00 

Jaly    8.. 

89.60 

Aag.  4... 

26.90 

Sept  5... 

ILU 

Oct    7... 

3L11 

June  2. 

88.00 

J^    4.. 

89.60 

Aag.  5... 

25.60 

Sept  6... 

Oct    8... 

8.20 

June  3.. 

8&70 

Jaly    5.. 

39L60 

Aag.  6... 

24.60 

Sept  7... 

Oct    9... 

8.20 

June  4  .. 

88.70 

Jaly   6.. 

39.70 

Aag.  7... 

28.70 

Sept  8... 

10.20 

Oct  10... 

3L80 

June  5.. 

88.80 

Jaly    7.. 

89.70 

Aog.  8... 

28.00 

Sept  9... 

9L70 

Table  No.  2.— /SAotrtn^  fill  every  100  feet  an  Kin^B  Bar  (or  »eeUan  1  cimtimued)  finm 

1882  to  1883. 


Distance. 

FflL 

DiatMice. 

Fin. 

Distuce. 

FUL 

Jtet 

Fett, 

Fett, 

FeeL 

A«t 

A«t 

100 

18.0 

1,000 

9.4 

1,900 

ia5 

200 

12.0 

1,100 

a4 

21000 

14.0 

800 

•14.0 

1.300 

as 

2,100 

12.6 

400 

17.0 

1,800 

a2 

2,200 

12.8 

600 

1&8 

1,400 

9.1 

2,800 

9.6 

600 

lao 

1,600 

9.6 

2,400 

t9.2 

700 

16  6 

1,600 

11.6 

2,600 

a4 

800 

14.0 

1,700 

14.2 

2,600 

a4 

900 

12.0 

1,800 

17.6 

2,700 

&4 

•Middle  of  canal. 


tMiddleofweetpaos. 


Tablb  No.  3.— TAo  maximum  fill,  in  inner  harbor,  within  the  limit$  of  eanal,  from  1877  la 
1883,  emitliing  BeetUma  Bounded  in  1880,  which  are  not  aoevrate  enough  for  eomparieon. 


Sections. 

Fill,  In  feet. 

1877  to  1878. 

1878101879. 

1879tol88L 

1881  to  1882. 

1882  to  1888. 

Ko.4 

No.  12 

No.  14 

Ko.16 

Nal6 

Nal7 

Ka24 

20 

18 
17 
18 
16 
6 

22 

12 
12 
7 
10 
6 
6 

13 

12 
Approx.  0 
Approx.  0 
Approx.  0 
Approx.  0 
Approx.  0 
1879  to  1683. 

16 

Approx.  1 
Approx.  1 

Approx.  0 

6 
8 
9 
10 
10 
9 

Approx.  6 
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Table  Ko.  i.—FlU  in  inner  harbor  wOhin  the  limita  of  the  Blope$  of  eanal  and  hasin  frwn 
1881  to  1882  {eeeprofiUe),  In  ihefraotiona,  the  numerator  denotee  the  dittanee  metinred 
frcm  the  shore  edge  of  the  slope,  the  denominator,  the  fill  at  that  distanoe. 


Seotkmt. 

FUlinfeet. 

Kd,! 

0 

45 

70 

05 

100 

145 

175 

105 

245 

205 

800 

450 

460 

600 

550 

580 

700 

Ua2 

• 

Ol8 

50 

&6 
100 

017 
150 

11.0 
200 

10.6 
250 

10.4 
800 

&2 
350 

8.8 
370 

06 

400 

0.0 
410 

Ka8 

0.8 
25 

2.4 

75 

5.0 
125 

10.0 
175 

5.8 
225 

2.0 
275 

5.2 
325 

7.2 
375 

10.4 
425 

ILO 
4.75 

1L2 
525 

1L« 
580 

7.0 
560 

3.0 

587 

0.0 

475 
0 

650 

No.  4.... 

02 

L4 
10 

2.6 
60 

4.5 
110 

5.0 
160 

6.8 
210 

&6 
200 

ai 

310 

10.0 
360 

7.0 
410 

5.0 
460 

0 
510 

Ha  5 

L2 
20 

8.5 
50 

8.4 
60 

5.2 
100 

6.0 
150 

••• 

200 

5.2 

300 

5.0 
860 

5.2 
400 

6.0 
450 

5.8 

500 

6.0 
550 

8.0 
500 

0 

605 
0 

565 

HaO 

0 

2.4 

50 
0.8 

15 

L4 

100 
LO 

80 

LI 

150 
LI 

80 

3.8 

200 
L8 

180 

6.4 

250 
2.0 

LOO 

5.0 

800 
2.6 

2.30 

4.0 

350 
2.8 

260 

5.6 

400 
2.8 

330 

4.4 

450 
3.8 

380 

5.2 

500 
3.8 

430 

5.8 

550 

878 

480 

5.0 

670 
8.8 

530 

0 

600 
0.4 

550 

So,! 

JSTOkS 

0 

4.8 
8 

2.6 
80 

L2 
50 

0.4 
80 

L6 
05 

L4 
130 

2.0 

180 

24 

230 

2.4 

280 

2.4 

300 
2.8 

430 

2.6 

330 
2.2 

480 

2.2 

380 
2.6 

405 

2.0 

430 
2.4 

530 

0 

455 
2.6 

600 

NaO 

2.8 
10 

2.4 

80 

2.0 
60 

2.4 

180 

2.6 
180 

2.4 
230 

L8 
280 

2.8 
330 

2.8 
380 

KalO 

1 

4.8 
10 

8.2 
60 

8.6 
110 

42 
160 

4.0 
185 

4.0 
210 

4.0 
260 

4.2 
810 

4.4 

360 

3.6 
410 

3.8 

460 

40 
510 

0 

550 

r.4 

No.ll 

L6 

10 
LO 

10 

LO 

60 
8.2 

60 

LO 

110 
2.0 

110 

LO 

160 
Tf 

160 

0.8 

210 
8.2 

210 

L8 

260 
2.6 

260 

8.4 

310 
2.0 

310 

4.0 

360 
2.4 

360 

4.1 

410 
8.0 

410 

44 

450 
"3:2 

445 

&0 

460 
L6 

443 

0 
475 

T- 

465 

Ko.12 

Kal8 

0.8 
15 

65 

0.8 
85 

L2 
115 

2.8 
165 

4.0 
215 

3.4 
265 

3.4 

315 

3.6 
365 

0 
415 

Ko.14 

0 

8.2 
10 

5.0 
50 

6.0 
75 

8.4 
100 

200 

8.0 

160 
L6 

260 

^2 

200 
L4 

800 

3.3 

250 

078 

350 

2.8 

300 
02 

400 

2.6 

350 
0.8 

450 

2.8 

400 
0.0 

475 

2.8 

450 
LO 

480 

0 

500 
0.8 

710 

lSral5 

0 

8.6 
50 

2.0 
100 

La 

150 

L2 

L2 

0.8 

"0" 

0.4 

0.8 

0.4 

0.0 

0.1 

0.6 

0.1 

0.4 

0.6 

LO 

0 

Bee  Tkble  No.  5  showliig  I 


I  iUl  and  aiOM,  oalonlated  from  above  C0H>rdiiiate8. 


Tabu  No.  6.^Meainfill  and  areas  of  fill  in  wner  harbor  within  the  limits  of  the  slopes  of 
the  eanal  and  basin  from  1881  to  1882. 


Seotkm. 

MeuifllL 

Area. 

Ko.  1 

Feet. 
6L3 
6.0 
5.6 
40 

ao 

2.0 
L8 
2.1 
3.4 
2.1 
2.2 
L8 
2.9 
L2 
0.3 

8195.5 
8052.5 
2749.5 
258L5 
1860.0 
1008.5 
1127.9 
2007.5 
131&0 
1265.0 
087.0 
14842 
88L5 
177.6 

Ho.  3 

Ho.   8 

Ho.  4 

Ho.   5 

Ho.   6 

Ho.   7 

Ho.   8 

Ho.   9 

Ho.  10 

Ho.  11 

Ho.  12 

Ho.  13 

No.  14 

Ho.  15 

See  Table  Ha  4  for  oo^^itUnatM. 
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Table  No.  6.~0rd{iiatM  and  disianoea  wUhin  the  limiU  of  (k9  slope$  of  canal  and  hoHn^ 
and  the  Une§  of  hotUma  of  oandl  and  lake  in  1883,  including  dredged  voUtmee.  In  the 
fractions,  the  numeratoTf  denotes  the  diatanoee  measured  from  the  shore  edge  of  tks  slope^ 
the  denominator,  the  ordinates  at  that  distance. 


8«otion. 


OidiiiAteB  and  diitanoea. 


Kal... 
Na2... 
Ko.8... 
Noii... 
yo.5... 
No.  6... 
N».7... 
No.  8... 
No.9... 
NalO.. 
No.  11.. 
No.  12.. 
Nal8.. 
Nal4.. 
No.  15.. 
No.  16.. 
No.  17.. 
Nal8.. 
No.  19.. 
No.  21.. 
Na28.. 


4.6 
50 


10 


12.4 
15 


12.2  iaL21&622.227. 830.83a  030. 530.4 
100  150  185  200  250  800  850  3651400 


23. 
100 


L6 

50 
1].2 

50 


8.8 


1&2 
65 


23.027.6 
115  125 


24.426.4 
100  180 


62& 


8125.280.230.280.1 
180 


827. 


80 
4.4 

100 
10.2 

100 


16.8 
100 


2L632. 


100 


14.4 
100 


21.0 

60 
7.2 


0.0 


100  150 


12.517.8 
200 


31.2 
160 


29.829.7 
180  230 


680.680.4 
1501195  200 


120 1 130 
4  27. 


60  1 105 


12.482. 
150  200 


27.280.2 
150  200 


23a029.2 


90  [130 
229.4 

I 
180,150 


630. 


200 


24.4 
250 


80.630.530.5 


30.180.2 


160 

1.8 


830. 


110 


30.  U 
160 


282. 


0 
250 


29.6 
300 


33.480.229.629.2 
1501165  200 


28.928. 


250 
28.4 

180 
28.8 

200 


30.429.4 


110 1 125 
231.0 


2&9 

175 
28.4 


1451160 
229.4 


625. 


150,160 
26L828.8 

115 1 150 


195 

27.4 

200 
26.4 


2&025.5245 


1101160 
18.219.4 

105 1 155 
18.520.0 

128  163 


14. 8 18. 0 

120 1 160 
iOl8.4 


200 


190 
22.2 

165 
21.0 

178 


18.0 
170 

ia3 


26. 

300 


165 


29.8,29.9 
255 


250 


30.8 


29.8 
210 


29.423.6118.212.8 
865  400 


800 
28.1 

230 
2&0 

250 
28.3 


27.6 
245 


250 


24.524. 


210 
22.2 

305 
21.2 


220 
17.7 


226. 


215 


800 


30.5 

280 
29.7 


29.228.1 
850   400 


350 


300 

28. 6  2&  6  28. 6  24. 4 18. 


850 
27. 


280 
27.7 

300 


275 

27. 


295 


345 

26.626.42&2 


250  800 
25w825.4 


800 


260 
22. 


255 
2L2 

278 


270 
17.5 


800 


6 
850 


26.7 


27.2 

315 

30.227.6 


30. 
860 


530. 


31. 0  31. 0 

^{860 
30.0  30.4 


260 


29.629.7 
450  500 


821 


400 
.2 


290 
27.7 


2&1 


825 
2 


427, 


850 
25.2 

850 


310 
2 


222. 


805 
21.2 

318 


laoiai 


810 
17.6 


850 


887 


26. 
400 


828. 
450 


22.2 

865 
22.7 


330  880 


625.4 
395  400 


24.4 

m 

22.2 


24.819.8 


805 


810 


28.3 
860 


23.8 
550 


450 
l&O 

830 


600 
&8 


880 
23.017.0 

850  400 
26.  o' 19.4 

375[«5 
27. 0  27. 0 

395I445 
26:0.26.0 

0 

0 


400  1 450 
25.025. 


400  1 450 


24. 0  24. 0 

840  1 860 
22. 1|20. 8 

815  855 
2L  2 16. 5 

328  378 


15. 5j  &  5 

320j370 
16. 0 10. 0 

I 


220.015.8 
500  580 


17.4 
415 


480 


18.2 


480 

ia4 


450 


600 

16.8 

500 


880 


7.0 


450 
2 


560 
2.4 

430 
11.2 

450 
12.8 

475 


450  500 


ILO 
600 


12.8 
465 


430 


480 

22.817.5 


410 


1&  6,18.0 
600 


LO 

500 
12.4 

570 
0 


27. 0  27. 0 

4951645 
26.0|26.0 

5001650 
25.0  25.0 

500   550 


24.0 

410 

14721 


405 
10.0 

428 
2.0 


24.0 

460 
8.2 

456 

3.2 

443 
0 


14.0 

580 

14.4 


650 
11.2 

550 


14.0 


660 


ao 

530 
11.2 

510 


7.8 


550 
0 

560  575 
27.0  25.4 

605  610 
26. 0  2a  0 


600 


1.0 


625 
10.0 

645 
2L4 


600|610 
25. 0.25. 0 

565  600 


24.020.0 


650 


19.4 
650 


14  U 


650 


675 

lao 

605 


ia2 


ia2 

700 


ao 


L6 


LO 


dlS 


0 

no 


See  Table  No.  7  for  metn  ordinatot,  aieae,  distance  between  seotiona  and  volnmei. 
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Table  No.  7,—E9timate$  of  canal  and  htuhn,  1883;  tahle  ahawing  mean  ordinaletf  area$, 
and  volumes  mthin  the  Umita  of  the  elopee  of  canal  and  haein,  and  ike  lines  of  boitome  of 
canal  and  lake  in  1883,  including  dredged  volume. 


Seotiona. 

Date. 

Diatanoe 

Area.         between 

1   aeotUma. 

Qoantitiea. 

No.  1 

15.1 
19.0 
l&l 
17.8 
2a2 
19.7 
20.4 
17.1 
17.5 
18.0 
17.0 

ia7 

19.0 
2L2 
19.2 
18.5 

lai 

18.1 
12.0 

10, 082. 0               520 

74,907.6 
102,815.4 
219,803.0 
205,822L8 
187,06aO 
182,090.7 
200,07a2 
148,145l0 
101,225.8 
287.152.1 
125,238.6 
119,753.0 
155,482.0 
160,857.0 
270,57L0 
202,086.8 
192,890.8 
818.294.2 
110, 509. 2 
127,500.2 
151, 022. 0 
107,907.9 

Na  2 

13,058.3 
11,048.2 
12,805.0 
12.908.2 
18,400.7 
12,905.5 
11, 358. 0 
12,220.0 
11,505.2 
11,039.0 
10,23&0 

881 

Ko.  8 

492 
475 
205 
872 
422 
330 
282 
540 
800 
804 

Ka  4 

Ka  6 

Na  0 

No.  7 

Na  8 

Na  9 

NalO 

No.  11 

Nal2 

Nal8 

10,493.5 

iOfi 

Nal4 

17,100.0    '           430 
10,854.8    !           439 
15,910.0               438 
14,733.2    ,           340 
7, 010. 5    '           fi58 

Nal6 

NalO 

Nal7 

Nal8 

Nal9 

0,070.0 

418 

574 

780 

1,816 

Na21 

ILl 

5,855.4 

Na28 

ILO 

5,333.5 
0 

Totil 

8,789.082.7 

See  Table  No.  0  for  o<M»rdi]iatea. 


2854      BEPORT  OF  THE   CHIEF   OF   ENGIKEEBS,  U.  S.  ABMT. 

Table  No.  8. — Showing  Jill  in  inner  harbor  within  the  limits  of  the  slopes  of  carnal  and 
haum  from  1882  to  1883  (see  profiles).  In  the  fractions,  the  numerator,  denotes  the  dis- 
tance measured  from  ihe  shore  edge  of  the  slope,  the  denominator,  the  fin  at  that  distamoe 
within  limits  of  proposed  excavation. 


Sections. 

OidlMtes  ud  diBtancei. 

Kal 

0 

10 

50 

100 

150 

155 

200 

225 

260 

200 

800 

830 

850 

400 

460 

466 

500 

650 

600 

a2 

660 
0 

0 

&2 

5.4 

7.0 

12.6 

12.8 

12.6 

12.8 

14.8 

15.2 

148 

ia6 

14.8 

17.2 

2ao 

2ao 

ia8 

ILO 

Ka2 

0 
0 

50 
1.0 

100 
272 

150 

200 

4.0 

250 
6.6 

300 
7T 

360 

aT 

370 
9.2 

400 

410 

450 

476 

500 

560 

686 

000 

650 

062 

a4 

a4 

a4 

ia2 

a2 

a  2 

as 

ao 

LO 

0 

KaS 

0 

0 

15 
274 

85 
4.0 

65 
2:0 

115 

To 

165 
2.6 

215 
8.6 

265 

315 

865 

416 

465 

515 

565 

605 

6.0 

a2 

a4 

ao 

ao 

4.4 

4.0 

0 

Na4 

0 
0 

20 

30 

80 
3.0 

130 
4.8 

180 

230 

280 

330 

380 

480 

a4 

480 

580 

680 

610 

680 

660 

3.4 

4.2 

4.6 

5.4 

a4 

a4 

a2 

a4 

ao 

as 

0 

Ko  6 

0 

50 
4.0 

00 
4.4 

100 
4.0 

160 
4.0 

200 
6.4 

250 
6.0 

800 

350 

400 

450 

600 

550 

585 

600 

640 

0 

6.0 

2.8 

4.6 

6.6 

a8 

a2 

as 

ao 

0 

Na6 

0 

50 
4.8 

100 

160 

200 

260 

800 

350 

400 

450 

475 

600 

650 

600 

605 

650 

660 

5.2 

4.8 

4.2 

4.8 

5.6 

6.6 

a4 

a4 

a  8 

a2 

7.2 

7.6 

7.2 

L6 

0 

NaT 

0 

6 

30 
L6 

80 
4."0 

130 

140 

180 

230 

280 

330 

.380 

430 

480 

530 

565 

580 

620 

6.0 

6.0 

4.6 

5.8 

5.8 

a8 

ao 

a6 

7.0 

7.6 

7.4 

a2 

0 

Ko  8 

0 
0 

10 
1.0 

30 
4.4 

60 
4.0 

80 

110 
5.4" 

180 

160 

210 

260 

310 

335 

860 

410 

460 

510 

560 

670 

6.2 

6.2 

5.0 

a  2 

a  4 

a  6 

7.2 

7.4 

7.2 

7.8 

7.8 

LO 

0 

17o  fi 

0 
0 

20 
2.8 

50 
2: 8 

100 
3.0 

150 
4.0 

200 
3.8 

250 
6.6 

300 

350 

400 

450 

500 

550 

600 

610 

6.2 

7.2 

ao 

7.2 

7.0 

7.0 

LO 

0 

KalO 

0 
0 

40 
4.8 

60 
5.4 

100 
4.6 

160 

200 

225 

250 

300 

350 

400 

450 

500 

556 

600 

605 

5.8 

7.0 

8.2 

ao 

a2 

ao 

7.4 

7.2 

as 

a6 

ao 

0 

Ko.ll 

0 

40 

60 

100 
5.2 

160 
7.0 

200 
7.6 

250 
7.8" 

300 

850 

400 

450 

500 

515 

550 

570 

0 

8.4 

6.6 

7.8 

to 

7.6 

7.4 

7.0 

as 

2.4 

0 

iral2 

0 
0 

30 
7.2 

80 

180 
7.8 

180 

230 

280 

330 

380 

480 

460 

480 

525 

8.4 

8.0 

7.8 

7.8 

7.8 

7.4 

7.4 

a4 

0 

NaU 

0 
0 

35 

50 
0 

100 
3.0 

120 

160 

200 

250 

800 

360 

400 

450 

490 

500 

560 

2.9 

6.0 

&0 

7.6 

7.8 

a4 

a4 

a2 

7.8 

a4 

0 

KaU 

0 

25 

75 

100 

126 

176 

226 

276 

325 

876 

425 

475 

525 

675 

625 

675 

726 

785 

776 

0 

7.4 

6.6 

6.0 

4.4 

&0 

ao 

a6 

9.6 

a4 

a8 

ao 

7.4 

as 

as 

a6 

a2 

ai 

0 

No.  16 

0 

25 

45 

95 

145 

170 

195 

246 

295 

345 

870 

895 

445 

495 

ia4 

545 
a  2 

695 

7.4 

646 
7.2 

695 

745 

777 
4.~8 

795 

818 

0 

2.0 

2.2 

3.2 

5.2 

6.0 

&8 

a7 

a8 

9.0 

9.0 

a4 

lao 

as 

a4 

0 

Nal6 

0 
0 

80 

8.8 

50 
&8 

100 
0 

150 

200 

225 

260 

800 

825 

350 

40O 

460 

500 

550 

ao 

eoo 

650 

700 

750 

770 

800 

810 

2.6 

2.8 

5.8 

7.2 

a2 

a5 

a7 

9.4 

ia2 

a4 

7.4 

as 

as 

a2 

ao 

LO 

0 

Ha  17 

0 
0 

10 
Li 

50 
2:0 

100 

2:0 

150 

175 

200 

250 

300 

850 

400 

450 

500 

550 

600 

660 

700 

728 

760 

765 

8.2 

4.2 

7.7 

as 

7.6 

9.8 

a8 

a8 

a4 

7.4 

as 

a6 

4.8 

4.4 

Lfl 

0 

Kal8 

0 
0 

10 
L2 

60 

5.8 

110 

160 

186 

210 

260 

285 

810 

860 

410 

460 

478 

510 

620 

5.8 

&6 

7.6 

7.6 

7.6 

7.6 

7.2 

a2 

ao 

a2 

a2 

L6 

0 

No.l» 

0 
0 

5 
0.6 

50 
6:7 

55 

105 

165 

205 

255 

805 

355 

405 

485 

455 

475 

5.6 

6.0 

5.4 

6.2 

a4 

a4 

a2 

a2 

ao 

a2 

0 

»a21 

0 

28 

48 

78 

128 

178 

228 

278 

828 

878 
4.8 

408 
4.8 

428 
2.0 

448 
0 

0 

8.8 

&6 

5.2 

4.4 

6.2 

5.4 

5.4 

a2 

No.  a 

0 
0 

20 

50 

70 

120 

170 

220 

270 

820 

870 

.410 

420 

450 

2.4 

2.4 

5.2 

5.2 

5.2 

4.8 

a2 

ao 

ao 

4.8 

a  6 

0 

8ee  Table  No.  9  for  meu  ordintttea,  mazimnm  oidinfttes,  sieae,  dlataaoeB  between  seotloni,  Tolamea. 
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Tabus  No.  9.  ShawirngftU  in  inner  harharfrom  1882  to  1883,  within  tlie  Hmita  of  the  slope$ 
of  oanal  and  boHnf  moan  ordmatet,  maximum  ordinate$,  areas,  dUianoe  beUoeen  Beodona, 
volumet. 


tft««ti^m». 

oidiaAtes. 

Meui 
oidlnAtet. 

Atom. 

Distanoe 
between 
■ections. 

Quantities. 

Na  1 

17.2 
10.2 
&4 
6L6 
6L8 
7.6 
7.6 
7.8 
7.2 
&2 
&0 

a4 
a4 

0.5 
10.4 
10.2 
0.8 
7.6 
6L4 
6.4 
&2 

1L6 
6.0 
8.4 
4.2 
4.3 
4.9 
5l0 
4.9 
43 
6.6 
6.8 
6L8 
5.3 
6.4 
&9 
5l4 
5.1 
6.1 
4.5 
4.0 
8.8 

7,683.2 
3,920.0 
2,362.0 
8,038.0 
2,  SOLO 
3,480.5 
3,302.0 
8,834.0 
3,084.0 
8.706.0 
8,74L5 
3,604.5 
3,338.0 
5,443L5 
5.454.1 
4,866.4 
4,563.0 
3,05&4 
2,593.5 
2,066.2 
2;  064.0 
0 

520 
881 
402 
475 
265 
372 
422 
330 
232 
540 
300 
304 
405 
430 
439 
433 
340 
658 
418 
574 
766 
1,315 

58,91618 
80,404.8 
56,7l&7 
47.376.7 
31.870.1 
43,820.0 
52,006.0 
40.668.3 
27.566.7 
68,67aO 
41,874.4 
41,86L0 
52.722.0 
56,800.6 
88,503.4 
82.7U.0 
50,460.2 
08,360.2 
43,677.0 
40.425.6 
58,587.7 
80,66016 

Ko.  2 

Na  8 

No.  4 

No.  6 

Na  6 

Na  7 

Ko.  8 

Na  0 

NalO 

Nail. 

Nal2 

Nal3 

No.  14 

Nal6 

Nal6 

Nal7 

No.  18 

NalO 

Na21 

Naa8 

TottJ  ........ 

1,256,486.4 

See  Table  No.  8  for  co-ordinates. 


Tablb  No.  lO.'-The  amount  of  material  exoanated  eocft  month  hy  the  dredjfe,  (he 
taken  from  the  6a«ii»,  temporary  canal,  and  Weet  Paaa,  and  totaU, 


Drediclng. 

Cnbio 
yards. 

Katerlal  drmlfffMl  dnrinr  Ai>rfl   .       . . 

62.716 
88,636 
60,680 
83,354 
85,500 
84,163 

Material  dredSed  dorinc  Hat 

Materiid  dredged  daring  Jnne 

Material  dredfffWl  dnrinff  .T11I7 

Material  dredged  during  Auffast 

Total 

850,086 

Material  taken  ftom  basin 

244,456 
00.662 
14,017 

Taken  from  West'Paas 

Total 

860^066 
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L  4. 

REPORT  OF  H.  D.  GARDEN,  ASSISTANT  ENGINEER,  UPON  LEVEE  WORK  ON  THE  TENSAS 

FRONT,  THIRD  DISTRICT. 

United  States  Engineer  Office, 

Vickshurg,  Min.^  October^,  1883. 
Sir:  In  compliance  with  yonr  instmctions  of  the  3d  instant,  to  "  prepare  a  concise 
report  of  levee  work  on  the  Tensas  Front,  for  embodiment  in  the  annual  report  of 
the  Commission,"  I  have  the  honor  to  submit  the  following  tabulated  statement  and 
remarks  on  the  leyees  under  my  direction  in  Louisiana : 

TABULATED  STATEIIBNT. 

Leoeety  TeMM  front,  in  Limisiana,  Third  DiatrieU 


Namea  of  leyees. 


height 


Length  of 
levee. 


Content* 
(completed). 


Amount;  Nov- 
ember 1, 1883, 
yetneoeeaary 
to  complete. 


Upper  Pioyidence 

Hagaman  Point 

Wilton  to  Raleigh 

Raleigh  to  Willow  Point . 

Omega 

Cabin  Tecle 

Sparta 

DeltA  to  Bedfoid 

Panther  Forest 

Dnlfin  Break 


6 
7 
12.5 


9 

016 
6 
0 


S.7 


FeeL 
7,283 
1,868 
23,588 
9,648 
16,810 
13,621 
6.771 
28,287 
26,880 
10,960 


Cubic  yards. 

46,857.7 

14,805.2 

843,087.7 

41, 287. 7 

199. 059. 7 
00.002.2 
89. 156. 9 

243. 903. 8 
163,182.0 

80,246.0 


Oubie  yards. 


99,  SSL  6 


Kamea  of  leveea. 


Width  of 
orown. 


Upper  ProTidenoe . . 
Hagaman  Point .... 
Wilton  to  Raleigh.. 
BAlelghtoWillo  w  Point 

Omega 

Cabin  TAele 

Sparta         

Delta  to  Bedford... 

Panther  Forest 

DoiBn  Break 


Feet 


8  and  6 

8 

8and7 

8  and  6 

8and7 

6 

8, 6^  and  8 

8 


Front  slopes. 


Back  slopes. 


8tol 
8tol 

8. 4,  and  5  to  1 
8tol 
3tol 
8tol 
8tol 
3tol 

8,8iand2tol 
8|tol 


8  tol 

8  tol 

8  tol 

3  and  24  tol 

8  and  2i  tol 

8  and  2*  tol 

3  tol 

24  tol 

2|.2andlItol 

2ianda  tol 


FMt 

1.5 
1.5 
L5 
L5 
0.6 
0.5 
LI 
0.5 
.53 
.3 


Height  of  gross 
or  shrinkage 

grade  above  high, 
water  mark  of 


FteL 
2.7 
S.9 
4.0 


2.8 
L8 
2.8 
2.8 


L5 


KAMB  OF  LBVBBS  AND  RBMARKS. 


Upper  Providence  levee.  East  Carroll  Parish,  Louisiana. — ^Abont  3  miles  above  the 
town  of  Providence.     Work  began  November,  1882.    Completed  February,  18H3. 

Hagaman  Point  levee,  East  Carroll  Parish,  Louisiana. — About  2i  miles  below  the 
town  of  Providence.  Work  began  February,  1883.  Completed  March,  1883.  Pend- 
ing the  construction  of  this  work,  a  tempoi-ary  protection  levee  was  ordered  here  con- 
taining 2,029^  cubic  yards. 

Wilton  to  Raleigh  levee,  East  Carroll  Parish,  Louisiana. — ^Work  began  on  this  levee 
in  October,  1882,  and  with  as  large  a  force  as  the  contractors  could  collect,  progressed 
from  each  end  towards  the  center,  until  the  suspension  on  account  of  the  flood  in 
March,  1883,  at  which  time  there  was  a  gap  of  1^  miles  on  which  very  little  work  had 
been  done.  The  river  bank  along  this  front  is  very  low,  and  the  water  rising  rapidly 
in  February  it  was  deemed  impossible  with  the  force  on  band  (between  ^our  and  five 
hundred  men)  to  fill  up  the  gap  before  the  overflow  ;  protection  levees  were  therefore 
ordered  to  connect  the  new  work  with  the  "Old  Front  levee."  The  upper  protection 
sustained  the  pressure  of  the  water  and  saved  all  the  work  above  it,  but  the  lower  one 
succumbed  to  the  fast  rising  flood,  and  the  strong  current  rushing  rapidly  through  the 
main  line  swept  away  31,652  cubic  yards  before  its  destructive  effects  could  be  arrested. 
It  has  since  been  found  inexpedient,  on  account  of  insufficient  funds,  to  continue  the 
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levee  on  the  originally  projected  line,  and  a  new  lino  has  been  adopted  connecting  the 
main  work  with  the  Old  front  levee,  which,  on  inspection  of  the  bank  in  front  and 
with  the  necessary  rejiairs,  is  fonnd  to  be  entirely  safe  and  practicable.  Work  was 
resumed  on  this  levee  in  September  with  a  considerable  force  of  teams  and  scrapers, 
and  in  all  probability  it  will  be  completed  by  December  15, 1883. 

Haieigh  to  Willow  Point  levee,  East  Carroll  Parish,  Louisiana. — ^Work  here  consists 
in  repairs  of  an  old  levee  and  filling  up  a  number  of  short  gaps  in  the  same.  Began 
November,  1882,  completed  February,  1883. 

Omega  levee,  Madison  Parish,  Louisiana.  —Two  miles  above  Milliken's  Bend.  Work 
commenced  October,  1883.  Suspended  in  March,  1883.  No  damage  done  by  the  flood. 
Contractor  expects  to  resume  work  at  once,  and  ought  to  complete  the  levee  in  a 
month. 

Cdb'm  Teele  levee,  Madison  Parish,  Louisiana. — One  mile  below  Milliken's  Bond. 
Work  beffan  November,  1882.    Completed  February,  1883. 

^>ar/a  levee,  Madison  Parish,  Louisiana,  near  Dnckport.—Work  began  in  Novem- 
ber, 1882.    Completed  February,  1883. 

Delta  and  Bedford  levee,  Madison  Parish,  Louisiana.  Begins  at  Delta  opposite  Yicks- 
borg,  Miss. 

Work  began  November,  1882.  Suspended  March  24,  1883,  on  account  of  high  water, 
lacking  48,428  cubic  yards  of  completion.  Resumed  in  July  and  completed  in  October, 
1883.  This  work  was  very  far  advanced  when  the  river  b^n  to  rise  in  February,  but 
a  gap  of  1 ,100  feet  still  remained,  on  which  scarcely  any  work  had  been  done,  rendering  the 
entire  condition  of  the  new  levee  (composed  of  a  soft,  sandy  material)  veiy  precarioas 
should  a  torrent  of  water  succeed  in  rushing  through  the  main  line.  This  made  the  con- 
struction of  a  protection  levee  along  a  portion  of  the  river  bank  in  front  of  the  exposed 
ix>ints.  and  connecting  with  the  completed  work,  an  absolute  necessity,  and  by  dili- 
gently watching  and  keeping  up  this  protection  for  a  period  of  nearly  four  months  the 
entire  work  was  finally  saved. 

QESfKRAL  BBMABKS. 

The  construction  of  these  works  has  been  required  to  be  of  the  most  substantial  char- 
acter. After  location  of  the  line,  the  ground  is  thoroughly  cross-sectioned  for  the  pur- 
pose of  slope-staking  and  obtaining  accurate  results  in  the  calculation  of  cubic  contents. 
A  muck  ditch  is  cut  near  the  center  line  to  stop  all  leakage  that  might  occur  from  crayfish 
holes  or  vegetable  matter  imbedded  in  the  soil;  an  addition  of  one-fifth  of  the  net  height 
is  put  on  for  shrinkage  and  the  faces  well  sodded  with  live  Bermuda  grass  before  the 
levee  is  accepted. 

On  account  of  the  limited  amount  of  funds  appropriated  for  each  of  the  above  levees 
in  only  one  instance  (that  of  Wilton  and  Raleigh,  which  is  a  low  and  dangerous  point) 
was  the  net  grade  line  put  above  the  level  of  the  old  levees  adjoining,  nor  do  I  think  it 
would  have  been  advisable  to  raise  them  any  higher  unless  the  entire  length  of  the 
levee  on  the  Louisiana  shore  in  this  district  could  have  been  raised  and  enlaiged  simul- 
taneously. 

It  will  be  seen  from  an  inspection  of  the  table  that  high-water  mark  of  1882  was  very 
near  the  crown  of  the  levee  at  nearly  all  these  points,  and  that,  too,  when  the  fiood  line 
must  have  been  very  much  lowered  on  the  river  by  the  discharge  of  an  enormous  volume 
of  water  through  the  Duffin,  Panther  Forest,  Ashton,  Wilton,  and  Raleigh,  Omega,  and 
Delta  breaks,  as  well  as  those  on  the  Yazoo  front.  It  is  more  than  probable  that  in 
the  event  of  a  similar  flood,  the  recent  closing  of  all  these  crevasses  will  raise  the  flood 
line  above  the  top  of  the  Louisiana  levees  as  they  now  stand,  at  nearly  all  points,  and 
cause  a  disastrous  destruction  of  work  already  put  up  at  such  great  expense.  To  render 
it  entirely  safe  against  an  ordinary  overflow,  therefore,  will  require,  m  my  opinion,  an 
additional  average  height  of  3  feet,  with  corresponding  enlargements  all  along  the  entire 
length  of  the  levee.  In  the  absence  of  a  continuous  levee  survey  from  a  point  opposite 
Warrenton  to  the  Arkansas  line,  I  can  only  give  an  approximate  estimate  of  the  amount 
of  material  necessary,  and  cost.  Assuming,  which  I  think  is  nearly  correct,  the  average 
dimensions  of  the  levee  to  be  8  feet  high,  7  feet  crown,  and  3  and  2  j  to  1  slopes,  to  raise 
the  same  3  feet  with  an  8-fbot  crown  and  3  and  3  to  1  slopes  would  take  42,826  cubic 
yards  per  mile,  at  an  average  cost  of  25  cents  per  yard,  $10,706.50.  Cost  for  80  miles, 
which  is  about  the  length  of  the  Louisiana  levees  in  this  district,  (856,520.  Add  20  per 
cent,  for  cost  of  new  levees  that  may  be  necessary,  and  inddenl^  expenses,  $1,027,824. 
Very  respectfully,  your  obedient  servant, 

H.'D.  GABDKzr, 
Asristant  Engineer, 

Capt.  W.  L.  Maimhatj*, 

Cbfjw  ofEngineen,  U,  8,  A, 
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L6. 

BKPOBT  OF   aSOBGB  M.   HSLM,   ASSISTANT   ENQINBEB,   UPON    LBYBB  WOBK  ON  THB 
TAZOO  FBONT,  THIBD  DI8TBI0T. 

GsEENYiLLB,  Miss.,  November  15,  1883. 

Sib:  In  aooordance  with  yoar  request,  the  following  report  of  operations  under  my 
charge  on  levee  construction  on  the  Yazoo  front,  third  district,  in  connection  with  maps 
and  profiles  of  each  project  of  work  done  by  the  river  commission,  together  with  a  port- 
folio profile  of  survey  of  levees  sent  on  heretofore,  is  respectfully  submitted. 
'  This  survey  was  commenced  by  the  ^* Mississippi  Levee  Board''  in  March,  1882,  and 
was  under  your  instructions  finished  firom  Leota  to  the  Warren  County  line,  December 
25,  1882.  It  covers  the  entire  district  of  the  *'  Mississippi  Levee  Board  "  fix>m  Totten's 
Ridge,  north  of  Hushpukna,  in  CkMihoma  County,  through  Bolivar,  Washington,  and 
Issaquena  Counties,  to  the  Warren  County  line,  a  distance  of  1,056,200  feet,  or  204.04 
miles. 

Levees  were  run  with  reference  to  Memphis  datum  plane,  and  U.  S.  P.  B.  M.,  and  the 
average  &11  of  the  river  from  Hushpukna  to  Greenville  found  to  be  0.377  foot  per  mile, 
and  from  Greenville  to  the  Warren  County  line  0.306  foot  per  mile.  Average  &11  from 
upper  to  lower  end  of  district  0.304  foot.  Average  height  of  levees  above  Greenville, 
not  including  Hushpukna  and  Lake  Bolivar  crossings,  8.05  feet;  average  height  below 
Greenville,  6.06  feet;  height  of  Hushpukna  levee,  36  feet;  height  of  Lake  Bolivar  levee, 
24  feet. 

The  following  statement  will  exhibit  the  length  of  levee  constructed,  amoimt  of  work 
embraced  in  estimates  returned  to  date,  and  amoimt  of  cubic  yards  to  complete  same, 
with  specifications  of  all  work  done  in  your  district  firom  October  1,  18B2,  to  November 
1,  1883: 
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Biverton  levee^  Bolivar  County^  Mimmppi, — ^Two  miles  below  Roeedale;  ayenge  height^ 
0.69  feet;  work  began  November,  1882,  and  completed  Jannaiyy  1883. 

Beukih  breaks,  1  to  9  induaive. — On  noitii  bank  Lake  Beulah,  BoliTar  Oonnly,  MisBta- 
sippi;  average  height,  6.5  feet;  work  began  October,  1882;  completed  December,  1882. 
The  grade-line  being  fixed  at  the  same  as  that  of  the  old  levees,  was  too  low  on  several 
of  these  breaks,  and  after  being  fimshed  had  to  be  raised  by  the  Levee  Board  to  keep 
the  water  of  1883  from  running  over. 

Beulah  to  Biverton  enlargement^  Bolivar  Cbtmty,  Mis&issippi, — ^Average  height,  1.72  feet; 
work  began  November,  1882;  completed  Karch,  1883. 

Beulah  to  Hughes  enlargement,  Bolivar  County,  Miniasippi,  induding  Gear  Creek  break. — 
Average  height  enlargement,  1.6;  average  height  Clear  Creek  break,  21.6;  work  began 
November,  1882;  not  qoite  complete.. 

Hughes  break,  south  of  Lake  Beulah,  BoUvar  County,  MississippL — ^Average  height,  9.35; 
commenced  work  November,  1882;  completed  January,  1883. 

Wade  break,  north  of  Lake  Bolivar,  Bolivar  County,  Mississippi. — Average  height,  11.5; 
work  began  November,  1882;  completed  March,  1883. 

Gay  and  Bagot  to  Bowlands  {Catfish  Point),  Bolivar  County,  Mississippi, — ^Average  height, 
1.45;  commenced  work  November,  1882;  not  yet  completed. 

Bowlands  to  Senkins,  Catfish  Point,  Bolivar  Counfy,  Mississippi. — ^Average  hei^t,  2.85; 
commenced  work  October,  1882;  not  yet  completed. 

Jenkins  to  Boston,  opposite  foot  of  Lake  Bolivar,  Chodaw  Bend,  BoUvar  County,  IfSnts- 
sippi — ^including  Bolivar  Bayon  and  Easton  breaks. — ^Average  height  enlargement,  1.94; 
average  height,  Bolivar  bayon,  11.2;  average  height,  Easton  break,  11.2. 

Longyjood  levee,  Washington  County,  Mississippi. — Protection  levee,  Washington  County, 
Mississippi.  Average  height  main  levee,  10.33;  average  height  protection,  7.26;  com- 
menced work  November,  1882;  completed  January,  1883.  The  contractor  not  having 
the  main  levee  completed  in  time  for  high  water  of  1883  a  protection  levee  was  con- 
structed by  the  contractor. 

Skipwith  levee,  Issaquena  County,  Mississippi. — ^Average  height,  7.39;  commenced  work 
November,  1882;  completed  April,  1883.  It  was  necessary  to  enlarge  the  old  firont  levee 
as  a  protection  to  this  point.  This  work  was  done  by  day  labor,  and  the  cost  is  repre- 
sented by  •* pay-rolls"  in  your  olflce. 

EUeslie  levee,  Issaquena  County,  Mtsassippi;  EUeaiie  protection,  Issaquena  County,  Mississmi; 
drainage  ditch. — ^Average  hei^t  main  levee,  9.08;  commenced  work  November,  1882; 
completed  July,  1883.  That  portion  of  the  line  connecting  the  main  back  levee  with 
the  front,  being  at  right  angles  with  the  river,  was  built  with  a  crown  of  only  4  feet 

Shiloh  levee  enlargement  and  new  levee  at  Arcadia,  Issaquena  County,  Mtsaisaippi. — Average 
height  of  enlargement,  1.41;  average  height^  Arcadia,  6.64;  commenced  work  Novem- 
ber, 1882;  completed  March,  1883.  The  rapid  caving  of  the  river  bank  at  Arcadia  made 
it  necessary  to  construct  a  new  levee  across  an  angle  at  that  point. 

Magna  Vista  to  Gwtards,  Issaquena  County,  Missinippi;  enlargement  Biggins  Break. — Av- 
erage height  of  enlargement,  2.41;  average  height  w  Higgins  break,  5.06;  commenced 
work  November,  1882;  completed  Januaiy,  18^. 

In  addition  to  the  above-mentioned  work  done  under  your  direction  in  the  third  dis- 
trict is  the  following  in  Coahoma  County,  which,  being  a  small  amount,  is  reported  here- 
with, to  avoid  a  sei»rate  report  to  M%jor  A.  M.  Miller,  Corps  of  Engineers,  United  States 
Army: 


LakeChazles 
leiTtt6.t 


Parker's  en- 
iMfonent.* 


Tbtal. 


Length  of  levee,  feet 

Contents  completed,  cubicyardB « 

Width  of  crown,  feet 

Front  slopes - 

Bock  slopes. 

Height  of  net  grade  above  hi^^h  water  mark  of  1882..... 

Height  of  gross  or  shrinkage  grade  above  high-water 
mark  of  1882 « 


8,184 
89, 7M 
6 
8tol 
8tol 
1.88 

8.88 


17,924 

78.687 

8 

8aad4tol 

2  and  8  to  1 

Z8 

2.87 


21,108 
118,828 


^Average  height  2. 85.    Oommenoed  work  November,  1882 ;  completed,  March,  1888. 

t  Average  height  10  feet.    Commenced  work  November,  1882 ;  completed,  January,  1888. 


I  acknowledge  with  pleasure  the  efficient  maimer  in  which  my  assistants,  Meesrs.  W. 
L.  Starling,  Robert  Somerville,  £.  Mason,  J.  S.  Martin,  and  T.  W.  Helm,  have  performed 
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their  daty  in  the  field.  Also,  I  Am  indebted  to  W.  L.  Starling  and  Robert  Blakemore 
for  valuable  services  in  the  office. 

Believing  it  will  be  a  matter  of  geneml  interest  to  know  how  the  Mississippi  Levee 
Board  have  carried  out  their  promise,  viz,  that  should  their  district  receive  an  allot- 
ment from  the  Mississippi  River  Commission  they  would  expend  two  hundred  thousand 
($200,000)  dollars  in  levee  construction  and  repairs,  and  being  their  representative  also, 
I  append  a  statement  of  the  amount  of  the  work  done  by  them,  embraced  in  estimates 
letnmed  ttcm  July  10,  1882,  to  October  1, 1883,  and  cost  of  same,  represented  by  ab- 
stract of  secretary  and  treasurer's  report. 

I  have  also  made  an  approximate  estimate  of  earth-work  required  to  raise  the  levees 
of  this  district  3  feet  above  high  water  of  1882,  based  upon  a  crown  of  8  feet  and  dopes 
of  3  and  3  to  1. 

Earthwork  done  and  under  contract  hy  IRmat^vpi  Levee  Board  from  JvJy  10, 1882,  to  October 

1,1883. 


Length  of 
levee. 


G  ontenta 
(oompleted.) 


Oontents  Odo- 
ber  1,1888,  yet 
Dfioemnry  to 
oomplete. 


In  Ooahoma  Coanty,  HiBsiasippi .... 

In  Bolivar  Gounty,  MUainipm 

In  Washington  County,  MisBUsippi. 
In  laaaquena  County,  MiasiaaippL... 

Total 


87,461 

179,156 

51,710 

5,8n 


CSibioyarda. 
61,348 


51,497 
30,831 


€fubieyard$. 

15,000 
241,804 
241,500 

17,207 


294,198 


096,900 


516,680 


Width   of 
orown. 


Front  alope. 


Back  alope. 


Hight  of  net 
gnde  above 
high-water 
mark  of  1882. 


In  Ooahoma  Oonnty,  ICiaaiaaippi 

In  Bolivar  Gonn^,  Hiaaiaaippi 

In  Washington  County,  Miaainaippl, 
In  laaaquena  County,  Miaaiaaippi 


8, 4,6  and  8 

16, 8, 6, 4,  and  8 

4,6,  andS 

8,4, 6,  and  8 


8tol 

8,4,and5tol 

8and4tol 

2  and  8  to  1 


2  and%  to  1 

2, 8,  and  6  to  1 

2and8tol 

2and3tol 


2 

2.4 
2 
2and8 


ReetgpiiulaHon  of  work  done  in  Mtseiaeippi  levee  district. 


Length  of 
levee. 

Gonten ta 
(oompleted). 

Contents  Octo- 
ber 1,1883.  yet 
neoeaaaryto 
complete. 

Work  done  by  MiaaiaBippi  River  Commiaaion  in 
third  diatrict - 

FeeL 
801,806 
21,106 
204,198 

Oubie  yards, 

1,228,168 

118,828 

Oubteyarda. 

Work  done  by  Miaaiaaippi  River  Commiaaion  in 
Coahoma  County,  Hiaaiaaippi 

Work  done  by  Bfiasiaaippi  Levee  Board  on  entire 
diatrict .!... -.. 

15,580 

Tbtal 

616, 6U 

2,068,446 

Eetimate  of  earthwork  required  to  raise  the  Mississippi  levees  3  feet  above  high  water  of  1882, 
based  upon  a  crown  of  8  feet^  and  slopes  of  3  and  3  to  1. 

Cubic  yards. 

From  upper  end  of  district  to  a  point  opposite  White  Biver 1, 091, 880 

From  White  River  to  Greenville 1,828,899 

From  Greenville  to  Warren  County  line 1, 003, 350 

Total  amount  neceflBaxy 3, 934, 129 
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BUOemeni  of  cash  diiburssd  hp  the  Mtssissippi  Levee  Board,  second  Missistippi  dialnei,  from 
July  1,  1882,  to  October  1,  1883. 

General  expense  account '— .  $1,721  08 

Mileage  and  per  diem — 1,299  13 

Officers'  salaiies 6,091  66 

Engineers'  salaries - 4,375  00 

Contingent  engineering _ 5,217  78 

RightB  of  way - — 27,327  14 

Bolivar  graduation  (new  levees) 110,005  29 

Coahoma  graduation  (new  levees) 7,469  54 

Washington  graduation  (new  levees) _ - 2,143  15 

Issaquena  graduation  (new  levees) -  7,639  68 

RexMiirs  and  enlargement  levees,  Coahoma  County.. 13,567  00 

Repajrsand  enlargement  levees,  Bolivar  County.. 56,258  11 

Repairs  and  enlargement  levees,  Washington  County 5, 265  61 

Repairing  force  (Bolivar  and  Washingtoxij 18,533  49 

Grading  and  repairing  levees 5,842  42 

Maintenance  of  levees 300  00 

High  water  of  1882 _ 8,878  04 

High  water  of  1883.  - _ 23,635  31 

Commissions  paid  collector 5,213  42 

Commissions  paid  sheriff 697  97 

Certificate  of  indebtedness  paid _ 48,946  41 

Interest  paid - 9,064  66 

Cotton  tax  refunded 162  00 

Landsalesand  redemptions  refunded 476  40 

Levee  construction-tax 3  88 

Old  account  settled  by  suit  United  States  circuit  court 520  83 

Total _ 370,655  00 

CONDITION  OP  LEVEES  IN    THE   MISSISSIPPI  LEVBB  DISTBICT. 

They  are  much  better  than  ever  heretofore,  and  when  the  work  now  under  contract 
to  be  constructed  by  January  1, 1884,  is  finished  they  will  stand  from  1. 1  to  2  feet  above 
the  high  water  lin«  of  1882,  with  the  exception  of  the  nine  breaks  of  Beulah,  which  are 
a  tenl£  of  a  foot  or  so  below.  Most  of  the  old  levees,  however,  were  built  with  slopes 
of  2  and  3  to  1,  and  with  6  feet  crovm.  These  have  been  raised  in  many  instances,  with 
same  slopes,  by  merely  capping,  giving  a  crown  of  3  and  4  feet.  These,  with  all  other 
levees  in  the  district,  except  I^ke  Bolivar,  should  be  enlarged  to  a  crown  of  8  feet  with 
slopes  of  3  and  4  to  1,  with  a  grade  of  3  feet  above  the  high  water  of  1882,  and  all  those 
buUt  of  buckshot  or  day  should  have  a  cement  wall  inserted  just  above  l^e  high  water 
line  on  the  front  slope  extending  down  through  the  levee  4  or  5  feet  below  the  natural 
surface. 

And  not  until  this  is  done,  nor  until  the  Mississippi  River  Commission  succeed  in  their 
plans  of  revetting  the  peninsulas,  thus  preventing  cut-of&,  can  we  hope  for  permanent 
levees  of  this  character.  They  are  too  costly  to  build  and  abandon  every  ten  or  fifteen 
years,  and  we  will  have  meanwhile  to  follow  the  old  plan  of  temporizing  with  insecure 
levees,  for  it  is  well  demonstrated  that  the  normal,  or  that  curvature  that  brings  about 
an  equilibrium  rendering  the  banks  stable,  is  of  such  small  radius  that  it  doubles  upon 
itself  by  making  a  complete  curve  resulting  in  a  cut-off  and  loss  to  the  river  of  firom  15 
to  20  miles  in  distance — the  result  probably  of  a  half  century  *s  work,  besides  produc- 
ing an  entire  change  in  its  regimen.  At  this  stage  the  river  commences  at  onoe  to  re- 
cover the  distance  and  curvature  lost,  and,  with  a  current  accelerated  by  the  increased 
fall,  dashes  against  the  banks,  erodes  and  caves  them  in  with  the  levees  in  excavating  a 
new  channel. 

Stop  cutpofi^  and  the  river  will  go  steadily  and  continuously  on  without  interruption 
in  its  work  of  ad|justing  its  rapid  current  to  the  sandy  soil  of  its  banks  by  gentle  curva- 
ture until  an  equilibrium  is  obtained.  At  this  i>eriod  a  map  of  most  sections  of  the  river 
would  resemble  the  letter  S,  there  would  be  few  reaches  or  tangents  in  its  course  but  a 
system  of  reverse  curves,  the  d^;ree  of  curvature  varying  only  with  the  characteristics 
of  the  soil. 

We  are  now  threatened  by  cut-offs  at  Caulk*s  Point,  Ashbrook's  Point  and  Tarpley. 
Should  either  of  these  occur  it  would  precipitate  others,  and  necessitate  the  enlargement 
and  raising  of  all  levees  below  with  new  locations  and  levees  in  many  places  on  both 
sides  of  the  river. 

In  accordance  with  your  request  the  following  illustrations  are  also  appended  and  sub- 
mitted herewith,  viz,  cross-sections  A,  B,  and  £  of  levees  from  autotype  views;  two^  C 
and  C*,  showing  plan  of  revetting  end  of  levee  at  crevasses,  and  two,  D  and  E,  showmg 
ftoni  and  end  view  of  pile  dam  for  closing  crevasse: 
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Oro89-8ection  A. — ^Repieseuts  a  slonghing  levee,  and  iUnstratee  the  plan  I  have  found 
most  successful  in  treating  same.  They  occur  generally  in  new  levees  huilt  of  sandy 
Uoam  mixed  with  quicksand;  the  latter  is  generally  found  3|  or  4  feet  below  the  sur&oo, 
and  specifications  should  provide  against  team  or  scraper  pits  of  greater  depth  than  3 
feet,  except  i!i  clay  or  buckshot  soil.  B  represents  a  brush  mattress  one  foot  in  thick- 
ness resting  n]x>n  the  natural  surface  and  foot  of  displaced  slope,  extending  up  the  slope 
far  enough  to  brace  it,  the  brush  being  laid  straight  and  at  right  angles  to  the  line  of 
levee;  upon  this  brush  the  embankment  C  is  constructed  of  sufficient  weight  to  be  sta- 
tionary, to  brace  and  hold  the  slope  in  place;  the  sipe  water  then  passes  off  under  the 
cbrea  through  the  brush  without  loss  of  material. 

Cro8a-section  B.—To  guard  against  crawfish  borings  and  sipeage,  I  am  now  putting  in 
for  the  ^'  Jjevee  Board ''  at  Vermillion  Lake  levee  3,000  linear  feet  of  cement  wall,  i  inch 
thi<^,  and  extending  fh)m  high-water  line  on  front  slope  of  levee  down  through  the 
levee,  sloping  i  to  1,  to  a  depth  of  4  feet  below  the  natural  surface,  which  makes  the 
wall  in  diia  instance  12  feet  in  height  Am  using  ^  Louisville  cement,  ^  Grerman 
Portland,  and  f  sharp  sand,  and  am  keeping  an  exact  account  of  the  cost  per  square  yard 
as  data  for  future  work,  c  represents  an  excavation  in  the  front  slope  for  the  wall,  the 
material  of  which  is  placed  in  the  enlargemen  tat  d,  and  e  the  cement  wall.  The  excavated 
ditch  c  is  filled  and  tamped  as  the  wall  is  filled  in.  I  am  satisfied  that  this  will  not 
only  keep  back  crayfish  and  prevent  sipeage,  but  will  give  greater  strength  to  the  levee 
by  reason  of  keeping  earth  dry,  and  will  render  clay  and  buckshot  levees  safe.  To'save 
cost  of  excavation  at  c,  I  am  now  trying  to  mature  apian  for  a  machine  to  be  driven  by 
a  small  engine,  constructed  somewhat  on  the  order  of  a  pile-driver.  In  place  of  the  ham- 
mer a  chisel -shaped  blade  is  to  be  used  to  cut  the  levee  longitudinally  from  the  high- 
water  level  on  front  slope  to  the  depth  required,  say  15  feet,  the  orifice  left  by  the  chisel 
to  be  filled  with  cement-grout. 

Cfrosasection  E. — This  is  an  exact  cross-section  of  the  Lake  Bolivar  levee,  constructed 
under  my  supervision  across  the  head  of  the  lake  in  1882. 

An  effort  was  made  at  great  cost  to  build  this  levee  in  1870  upon  the  natural  surface, 
by  the  engineer  then  in  charge  of  the  district,  but  owing  to  a  quicksand  foundation  the 
materifd  would  sink  and  spr^td,  and  it  was  found  impossible  to  build  up  after  15  feet  in 
height  was  reached. 

The  base  had  spread  six  hundred  (600)  feet  in  width.  A  vain  effort  was  kept  up, 
however,  to  build  it  to  the  reqttired  height  of  22  feet;  but  little  progress  was  made,  and 
at  this  time  the  protection  levee  broke,  water  ran  over  the  work  and  swept  it  away.  In 
rebuilding  this  levee  I  used  a  mattress  foundation,  which  was  constructed  by  first  laying 
poles,  from  6  to  8  inches  in  diameter,  longitudinally,  as  close  as  they  could  be  placed, 
breaking  joints,  and  of  sufficient  width  to  extend  out  to  within  60  feet  of  the  slope- 
stake;  then  another  layer  of  poles  was  laid  on  the  top,  and  at  right  angles  to  the  first 
course,  breaking  joints,  and  spiked  down  to  first  layer  at  intervals  of  5  feet  with  ship- 
spikes.  Upon  the  second  course  a  coating  of  brush  1  foot  thick  was  laid  parallel  to  sec- 
ond course;  standards  or  shrinkage  poles  were  then  firmly  set  in  the  mattress  and  secured 
by  spikes,  and  of  sufficient  height  above  grade  line  to  allow  for  the  anticipated  depres- 
sion of  mattress,  with  rings  on  the  poles  indicating  net  and  shrinkage  grade. 

Yazoo  Pass  levee  was  built  upon  similar  mattress  by  M.  Meriwether,  and  the  levees 
.crossing  the  bayous  at  the  head  and  foot  of  Lake  Bolivar  iptere  built  by  me  in  1869  in 
this  way,  with  success. 

Revetment  Cand  C. — ^The  ends  of  levees  at  crevasses  should  be  secured  at  the  earliest 
possible  moment;  work  should  begin  at  each  end  simultaneously.  Sacks  should  be  filled 
with  earth,  tamped  and  securely  sewed,  and  if  the  water  should  be  of  greater  depth 
than  3  feet  the  sacks  ought  to  be  threaded  in  sections  upon  a  three-eighth  inch  cord,  and 
anchored  before  throwing  them  into  the  swift  current  This  should  he  continued  until  a 
foundation  is  formed  up  to  the  water  line  extending  fiom  lower  end  of  the  levee  around 
the  end  upon  the  upper  slope  from  30  to  60  feet  from  the  end,  then  carefully  place  your 
sacks,  breaking  joints  as  in  brick  work,  giving  ample  batter  on  the  front,  and  securely 
sewing  each  sack  as  they  are  laid  to  those  contiguous.  This  wall  should  be  continued  4 
or  5  feet  above  the  water  line,  in  order  to  get  the  necessary  weight,  and  provide  for  un- 
dermining of  the  base  which  occurs  ^om  day  to  day,  rendering  constant  watching  and 
repairs  necessary. 

D  and  E, — D  shows  end  view,  and  E  three-fourth  front  view  of  a  dam  constructed  upon 
piling  6'^  6^^ — 14  feet  long,  driven  7  feet  in  the  ground  and  6  feet  apart  each  way,  with 
top  of  front  pile  made  firm  by  brace  F  against  rear  pile  where  it  enters  the  ground, 
also  as  at  (r  to  make  steady,  and  to  support  platform  for  extension  of  work.  Cross- 
timbers  H  12  feet  long  2^  by  8  inches  should  be  letdown  against  the  piling  on  the  upper 
side,  the  first  resting  edgewise  upon  the  ground,  the  second  about  the  water  line.    In 
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front  of  these  is  driven  sheet  piling  9  feet  in  length,  2^  feet  in  the  groond.    After  this  fill 
in  between  brace  F  and  the  sheet  piling  with  sand-bags,  then  with  earth  if  you  have  it. 
Very  respectfully,  yonr  obedient  servant, 

Geo.  M.  Hbim, 
U,  8.  A88t,  EiHfr. 
Oapt  W.  L.  Mabshall, 

Oorps  of  Engineers^  U.  8,  A,y  Vielaimrg^  M%», 


L6. 

BEPOBT  OF   W.  O.  BLUNT,  AfiSISTAlTr  ENGINEEB,  UPON  A  SUBVEY  OF  CHOCTAW  BEND 

BBACH. 

Wilson's  Point,  La.,  February  7, 1883. 

Stb:  I  have  the  honor  to  forward  herewith  tracings  of  the  map  of  hydrographic  survey 
#f  Choctaw  Bend  Reach  made  November  17-Deoember  27,  1882,  under  your  direction. 
.It  was  practically  a  low-water  survey,  the  gauge  at  Arkansas  City  reading  8.6  to  13.8 
feet,  the  lowest  of  the  season. 

The  party  arrived  at  Bolivar,  Miss.,  on  the  evening  of  November  16,  in  tow  of  the 
Charlie  De  Pauw,  and  work  was  begun  on  the  next  day.  Considerable  delay  wbs  ex- 
perienced for  want  of  points  of  connection  with  old  survey  by  Assistant  Engineer  Ocker« 
son  under  Mississippi  River  Commission  in  1881-'82.  Most  of  the  points  had  caved  off 
and  all  others  as  far  down  as  Lucca  Landing  were  covered  with  deposit  too  deep  for  re- 
moval, except  one  at  Jersey  Point  A  new  system  was  therefore  observed  by  simpleazi- 
muth  from  a  base  of  1574">  measured  with  chain  on  the  bar  opi>osite  Bolivar,  for  the 
purpose  of  locating  range  signals  and  caving  banks.  These  pointsare  shown  on  the  map 
in  capitals,  while  the  old  ones  are  in  italics.  They  are  marked  on  the  ground  by  nail 
in  stake,  with  tripod  and  target  pole  plumbed  over  it — tripods  being  10  to  15  feet  high, 
and  well  set  in  ground.  Generally,  trees  are  blazed  and  marked  ^,  in  the  immediate 
,  vicinity. 

Ranges  for  sounding  were  placed  at  right  angles  to  trend  of  river  and  about  five  hundred 
meters  apart,  b^;inning  with  No.  1  at  Cork's  Point,  and  ending  with  No.  73,  below  ele- 
vator at  Arkansas  City.  These  ranges  were  permanently  marked  by  a  stake  with  nail 
in  top  on  each  bank,  as  far  back  as  seemed  economical,  projecting  fiom  6  inches  to 

3  feet  above  ground,  blazed  and  mark  in  red  chalk,  thus:  PJ' y  letter  L  or  R  being  used, 

as  the  stake  was  on  left  or  right  bank.  (In  some  cases  these  marks  were  left  on  the 
fiice  of  a  tree,  instead  of  driving  stakes. )  Trees  were  blazed  and  marked  in  the  vicinity 
to  show  location  of  permanent  mark,  and  sketches  preserved  for  future  reference.  The 
ranges  were  marked  for  sounding  by  a  square  white-back  target  near  stake  on  each 
bank,  and  a  front  target  of  colored  flags,  to  designate  numbers  of  ranges,  thus: 

1,  6,  11,  &c,:  1  white;  2,  7,  12:  white  over  red;  3,  8,  13:  2  white;  4,  9,  14:  red  over 
white;  5,  10,  15:  white  over  black. 

These  were  located  by  azimuths  from  the  new  triangulation  points. 

Soundings  were  taken  from  a  skiff  with  sixteen-pound  lead,  and  three-eighths  inch 
cotton  line  marked  in  feet,  and  tested  each  day.  They  were*Iocated  by  onesextantangle 
on  range.  About  every  3  miles  a  water  surface  was  taken  from  the  Mississippi  River 
Commiasion  bench-marks,  which,  when  the  height  of  0  on  Arkansas  City  gauge  is  known, 
will  give  slope  at  time  and  stage  when  taken.  The  soundings,  however,  were  leduced  to 
a  stage  of  0  on  Arkansas  City  gauge,  thus  giving  minus  depths,  or  heights  of  bar  above 
that  stage,  shown  in  red  figures  on  map.  After  this  reduction,  according  to  your  instruo- 
tions  of  January  11,  water  lines  were  drawn  for  each  5  feet  change  of  depth  ( — or +), 
those  at  and  above  10  feet  depth  at  low  water  being  shown  in  red,  the  remainder  in  blue, 
with  distinguishing  marks  seen  by  reference  to  map. 

Under  your  instructions,  no  attention  was  paid  to  topography  other  than  to  locate 
bank  lines  where  changed  since  last  survey.  This  was  done  by  sketches  between  located 
signals,  otherwise  topc^raphy  was  transferred  from  tracings  sent  from  Mississippi  River 
Commission  office,  which  in  themselves  are  rather  unreliable  from  continual  use. 

The  work  was  plotted  to  a  scale  of  Tvimr  0°  ^^o  projections  on  manila  paper,  one 
covering  the  bend  from  Cork's  Point  to  Kentucky  Landing,  about  6  miles,  the  other 
from  this  landing  to  Arkansas  City,  22  miles,  the  sheets  joining  on  the  meridian  91^  07^ 
and  both  being  north  and  south  with  paper.    The  azimuth  system  was  calculated  for 
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'plane  triangles  finom  the  known  sides  at  lower  portion  of  work  to  check  on  meaanred 
base  at  Bolivar.    These  points  were  then  plotted  on  protractor  sheets  and  transferred  to  . 
the  projection  already  made  of  old  points,  and  fitted  at  upper  end  by  bench-marks  located 
for  the  purpose. 

The  map  work  was  done  by  Messrs.  Amelung  and  Ritchie  in  conj  unction.  The  placing 
and  location  of  triangulation  points  and  ranges  vras  done  by  Mr.  Amelung,  the  soundingi 
by  Mr.  Ritchie,  and  the  levels  by  Mr.  Pattison,  who  also  acted  as  recorder  for  the  other 
gentlemen.  To  their  exertions  is  principally  due  the  completion  of  the  survey  before 
the  rise  of  river,  which  hegsan.  the  day  after  the  work  closed. 

The  quarter-boat,  in  tow  of  the  launch  Nellie,  returned  to  Wilson's  Point  and  r&- 
^rted  to  Mr.  Hider  for  duty  on  the  30th. 

Respectfully  submitted. 

Wm.  T.  Blunt, 
Oniied  Stalea  AsnsUuU  Engineer. 

Vaspt  W.  L.  Mabshall, 

Corps  of  Engineers,  U,  8,  A, 


APPENDIX  M, 

SEPOBT  OF  MAJOB  A^OS  STICKNBY,  CX)BPS  OF  EXGINBEBS,  UPON  OPERATIONS  IN  THB 

FOUBTH  DIETTBICT. 

United  States  Enoinebb  Office, 

No.  3  SOTTTH  RAMPABT  StBEET, 
New  Orleans^  La,,  November  20,  1883. 
Snt:  I  have  the  honor  to  report  as  follows  on  the  several  works  in  my  charge  under 
the  supervision  of  the  commission,  ftom  December  1,  1882,  to  October  31,  1683. 


Since  December  1, 1882,  work  on  levees  has  continued  with  some  interruption  by  high, 
water  in  the  Mississippi,  which  in  some  cases  caused  a  total  suspension  of  work  and  ne- 
cessitated tJie  extension  of  the  time  for  completion  of  all  unfinished  levees.  Progress  has 
been  much  slower  than  was  anticipated  when  contracts  were  made.  This  was  due  to  a 
scarcity  of  labor  last  season,  and  unusual  amount  of  malarial  fevers  this  season,  and  the 
bad  management  of  contractors.  Repeated  notices  have  been  sent  to  the  different  con- 
tractors whose  work  progressed  slowly  with  small  forces  to  increase  the  number  of  laboi^ 
ers  employed,  but  these  notices  seem  to  have  had  no  effect.  Up  to  date  six  levees  have 
been  completed  and  accepted,  leaving  five  more  unfinished.  Two  of  these  vrill  probably 
be  completed  by  the  end  of  the  year,  and  the  others,  it  is  hoped,  before  the  floods.  There 
is  prospect  with  the  approach  of  cool  weather  of  the  contractors  largely  increasing  their 
fixroes  and  making  better  progress. 

SUBVEY  OF  UNLEVEED  FBONT. 

Detached  surveys  have  been  made  at  several  localities  along  the  line  of  levees  in  this 
district,  but  no  provision  has  been  made  yet  for  construction  of  the  levees.  Portions  of 
the  lines  staked  off  have  not  been  connected,  and  othera  have  proved  to  be  too  dose  to 
the  river.  With  a  view  of  cbnnecting  the  line  of  levees  to  make  them  continuous,  and  to 
establish  lines  not  yet  surveyed,  parties  are  now  being  oiganized.  The  following  report 
«f  Mr.  H.  S.  Douglas,  assistant  engineer  in  general  charge  of  levees,  gives  the  details: 

New  Obueans,  La.,  November  6,  1883. 
Snt:  I  have  the  honor  to  submit  the  following  report  on  the  ''construction  and  repair 
of  levees,  fourth  district,"  finom  December  1, 1^,  to  October  31, 1883,  giving  each  levee 
in  detail: 

TEN8AS  FBONT. 

From  Gastleman's  to  Buck  Ridge,  near  Point  Pleasant.  Total  length  of  embankment^ 
9,818  feet.  Computed  contents,  65,661.71  cubic  yards.  Slopes,  2  and  3  to  1.  Crown, 
from  6  to  8  feet  On  December  1  the  contractor  was  at  work  with  a  small  force,  being 
under  the  impression  that  his  work  would  not  exceed  30,000  cubic  yards;  but  on  Decem- 
ber 2  he  was  notified  that  his  work  would  be  increased,  and  he  was  directed  to  employ 
additional  labor.  This  he  failed  to  do,  and,  although  an  embankment  sufficient  to  resist 
the  water  was  constructed,  the  levee  was  not  completed  before  the  rising  river  came 
against  it  Work  was  resumed  on  the  subsidence  of  high  water,  and  the  levee  was  oom- 
j^eted  and  accepted  August  6.  1883. 
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SHIPP'S  BAYOU  TO  HABD  TIMBB. 

Length  of  embankment,  9,727  feet.  Orig;inal  estimate,  about  183,000  cobic  yards. 
Computed  contents,  liable  to  increase,  129, 613  cubic  yards.  Slopes,  3  and  2  to  1.  C>own. 
firom  5  to  12  feet.  Length  of  protection  levee,  1,044  feet.  Computed  contents,  10,095.33 
cubic  yards.  Slopes,  4  and  2  to  1.  Crown,  4  feet.  Grade  at  up-stream  end  of  main 
levee,  90.895 ;  gxude  at  down-stream  end  of  main  levee,  90.695. 

The  force  engaged  on  this  levee  was  inadequate,  and  in  consequence  of  the  backward 
condition  of  the  main  embankment  it  was  found  necessary,  February  7,  1883,  to  order 
the  construction  of  a  protection  levee,  which,  on  account  of  the  water  coming  at  once 
against  the  fresh  earth,  was  very  difficult  to  maintain.  However,  it  was  held,  but  the 
caving  of  the  river  bank  at  a  point  above  the  main  line  caused  an  extensive  crevasse  in 
the  old  levee,  and  the  water  rushing  into  the  bed  of  Lake  Saint  Joseph,  which  the  main 
new  levee  crosses,  caused  a  break  in  it.  The  ground  to  be  occupied  by  the  levee  was 
flooded,  and  after  the  ends  of  the  new  work  had  been  protected  to  prevent  fhrther  caving, 
woi:k  was  suspended,  April  17,  1883,  to  await  a  decline  in  the  river.  The  contractor 
recommenced  work  September  13,  1883,  and  expects  to  complete  the  line  by  Decem- 
ber 15. 

HARD9CBABBLE  AND  BONDUBANT. 

Length  of  embankment,  33,529  feet.  Original  estimate,  about  330,000  cubic  yards. 
Computed  contents,  337,702.85  cubic  yards.  Slopes,  3  and  2  to  1.  Crown,  from  6  to  10 
feet.     Grade  at  up-stream  end,  87.771;  grade  at  down-stream  end,  86.871. 

The  annulment  of  the  original  contract  was  recommended  for  lack  of  due  diligence  on 
the  part  of  the  contractor.  The  annulment  was  approved  December  2,  1882,  and  au- 
thority given  to  advertise  for  new  bids  by  circular  letter.  Proposals  were  called  for  ta 
be  opened  December  4.  The  bid  of  P.  J.  Kennedy  was  considered  the  most  favorable^ 
and  award  recommended  to  him,  which  award  was  approved  December  6,  1882,  and 
work  commenced  by  the  contractor  December  8.  About  one-third  of  this  levee  is  located 
in  an  open  field,  in  light,  sandy  land ;  the  balance  in  a  dense  swamp,  with  buck-shot  soil. 
The  drainage  of  this  swamp  is  poor;  and  although  embankment  construction  proceeded 
rapidly  in  uie  open  field,  the  unfavorable  weather  and  lack  of  labor  made  the  swamp- 
work  proceed  slowly.  On  February  24, 1883,  the  river  flowed  over  its  banks  and  throu^ 
the  swamp,  flooding  the  levee- way  and  contractor's  camps,  causing  a  stoppage  of  the  work 
on  that  portion  of  the  levee.  It  was  considered  impracticable  to  build  a  protection  levee. 
Work  with  a  small  force  has  continued  with  but  a  slight  intermission  on  the  open-field 
portion  of  the  levee,  and  during  the  last  month  has  been  resumed  in  the  swamps. 

KEMPB  BREAKS  AND  EXTENSION. 

Length  of  embankment,  17,222  feet.  Original  estimate,  about  340,000  cubic  yards. 
Computed  contents,  305,110.79  cubic  yards.  Slopes:  breaks,  3  and  2  to  1;  extension,  3: 
and  3  to  1.  Crown:  breaks  6  to  8  feet;  extension,  8  feet.  Length  of  protection  levee, 
1,862  feet  Lack  of  an  adequate  force  delayed  the  completion  of  this  levee,  and  tilid- 
construction  of  a  protection  levee  was  ordered. 

It  was  completed  February  20,  but  it  afterwards  showed  signs  of  being  weak,  and  waa 
raised  and  strengthened.  Work  on' the  main  line  of  embankment  was  suspended  March 
17,  as  the  back-water  encroached  on  the  levee- way  and  fiooded  the  contractor's  camps. 
Embankment  construction  was  resumed  September  11,  and  is  now  in  progress.  It  has 
been  found  necessary  to  change  the  line  of  the  Kempe  extension,  as  the  river  bonk  above 
the  original  point  of  junction  with  the  old  levee  was  caving  rapidly.  The  new  line  joins 
the  old  levee  at  a  point  above  any  probable  caving.  The  present  allotment  not  being 
sufficient  to  complete  the  new  line,  the  State  of  Louisiana  has  undertaken  to  build  that 
portion  not  constructed  by  the  General  Government. 

LAKE  CONOOBDIA  BBEAK8. 

Length  of  embankment,  92,460.5  feet.  Original  estimate,  about  301,000  cubic  yards. 
Computed  contents,  202,724.99  cubic  yards.  Sloi)es,  3  and  2  to  1.  Crown,  from  4  to  13^ 
feet  Grade  at  up-stream  end,  74.195.  Grade  at  down-stream  end,  74.136.  Work  on 
this  long  line  of  light  embankment  was  not  interrupted  by  high  Mater,  and  proceeded- 
lapidly,  labor  being  plentiful.  The  levee  was  finally  completed  and  accepted  June  11». 
1883. 

FBOM  GBEEN'S  TO  FAIBVIEW. 

Length  of  embankment,  55,410  feet  Original  estimate,  about  373,000  cubic  yards. 
Computed  contents,  385,714.22  cubic  yards.  Slopes,  3  and  2  to  1.  Crown,  4  to  8  feet 
Grade  of  up-stream  end,  68.915.  Grade  of  down-stream  end,  67.288.  Work  waspushed' 
rapidly,  but  the  contractors  were  unable  to  obtain  sufficient  force  to  complete  the  levee 
before  high  water.  A  light  protection  levee  was  thrown  up  along  the  river  front  of  the 
Glasscock  swamp,  through  which  the  main  levee  line  passes,  but  on  February  20  this 
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gave  awaj  and  the  river  poured  through  an  unfinished  gap  of  2,600  feet  in  the  levee, 
stopping  further  work  in  the  swamp  until  the  subsidence  of  the  water.  Embankment 
construction  has,  however,  oontinued  on  the  upper  and  lower  ends  of  the  levee,  and  the 
levee  is  nearly  completed,  except  the  gap  of  2,600  feet  before  mentioned,  on  which  the 
contractors  are  now  working. 

ATCHAFALATA  FRONT  (ATCHAFALAYA  BXVEB  TO  »ED  RIVEB  LANDING). 

Length  of  embankment,  20,708  feet  Original  estimate,  about  122,000  cubic  yards. 
Slopes,  3  and  2to  1.  Crown,  from  4  to  8  feet;  Grade  at  Atcha&laya  end,  61.448;  grade  at 
Red  River  Landing  end,  59.168.  The  annulment  of  the  original  contract  was  recom- 
mended for  lack  of  due  diligence  on  the  part  of  the  contractor,  which  recommendation 
was  approved  December  2,  1882,  authori^  being  given  to  advertise  for  new  bids  by  cir- 
cular letter.  New  proposals  were  accordingly  oSled  for,  to  be  opened  December  4.  Mr. 
C.  L.  Hardeman  was  the  lowest  bidder,  and  award  of  contract  to  him  was  recommended, 
and  approved  December  6.  Work  was  commenced  December  8,  1882,  and  would  have 
been  completed  but  for  mismanagement  on  the  part  of  the  contractor.  However,  an 
embankment  sufficient  to  resist  the  high  water  was  constructed,  and  the  work  was  in- 
spected and  found  short.  Contractor  was  notified  to  fill  out  the  shortages,  and  he  reported 
Vie  work  completed  June  26,  1883.  It  was  inspected,  and  still  found  short  The  con- 
tractor refused  to  do  any  further  work,  but  has  since  concluded  that  he  would,  and  is 
now  engaged  in  completing  the  levee. 

HOG  POINT  TO  BAOCOUBCI  (OLD  BIYEB). 

Length  of  embankment,  16,460  feet.  Original  estimate,  about  74,000  cubic  yards. 
Computed  contents,  65,946.19  cubic  yards.  Slopes,  3  and  2  to  1.  Crown,  from  4  to  8 
feet  Grade  at  up-stream  end,  59.003.  Gradeat  down-stream  end,  58.103.  Work  pro- 
ceeded without  incident  until  date  of  completion  and  acceptance,  March  27,  1883. 

BACOOUBCI  CBEVASSES. 

Length  of  embankment,  5,668  feet.  Original  estimate,  about  84,000  cubic  yards. 
Computed  contents,  71,221.77  cubic  yards.  Slopes,  3  and  2  to  1.  Crown,  8  feet  Grade 
throughout,  56,026.  Embankment  construction  at  first  proceeded  rapidly,  and  it  was 
reported  completed  March  12,  1883,  but  upon  inspection  was  found  short  Contractor 
was  notified  to  fill  out  the  shortages,  but  it  was  not  until  July  28, 1883,  that  the  work  waa 
finally  completed  and  accepted. 

STEWART'S  CREVASSB. 

Length  of  embankment,  1 ,  674  feet.  Original  estimate,  about  9, 000  cubicyards.  Com- 
puted contents,  9,175.55  cubic  yards.  Slopes,  3  and  2  to  1.  Crown,  6  feet  Grade  at 
np-stream  end,  52.411.  Grade  at  down-stream  end,  52.311.  Work  was  not  commenced 
by  the  contractor  until  December  18, 1882,  and  the  force  employed  was  so  small  that  the 
levee  was  not  completed  until  March  20,  1883.  It  was  inspected  and  received  April  13, 
1883. 

POINT  CX)UPEE  CREVASSE. 

Length  of  embankment,  5, 762. 5  feet  Original  estimate,  about  120, 000  cubic  yards.  Com- 
puted con  tents,  110, 947. 01  cubic  yards.  Slopes,  Sand  3  to  1.  Crown,  8feet  Grade  through- 
out, 50,815.  Owing  to  the  n^ect  of  the  contractor  to  put  a  sufficient  force  on  this  work, 
it  was  in  a  very  precarious  condition  about  February  1.  The  river  was  rising  rapidly 
and  threatened  to  pour  through  the  unfinished  levee.  The  employment  of  convict  labor 
wa9  authorized,  and  a  large  force  put  to  work.  The  base  of  the  levee  was  put  in,  and 
the  balance  of  the  embankment  built  up  with  earth  from  the  land  side  to  keep  ahead  of 
the  rapidly  rising  river,  which  came  against  the  unfinished  levee  February  20.  A  cer- 
tain portion  of  the  levee  kept  sinking  or  settling.  This  was  where  the  line  crossed  an 
old  lake-bed  or  slough.  It  being  difficult,  if  not  impossible,  to  measure  the  amount  of 
earth  in  this  portion,  a  modification  of  the  original  contract,  so  far  as  this  part  of  the 
levee  was  concerned,  was  recommended,  and  approved  April  25,  1883.  The  levee  waa 
inspected  and  received  May  31, 1883.  The  principal  causes  of  the  non-completion  of  work 
have  been: 

First,  The  lateness  of  the  season  when  work  was  commenced,  and  the  early  and  sud- 
den rise  in  tlie  Mississippi  River. 

Second,  The  difficulty  in  obtaining  and  holding  labor.  The  large  amount  of  railroad 
work  going  on  throughout  the  country,  in  addition  to  the  levee  work,  insured  employ- 
ment to  every  able-bodied  man  who  desired  it,  and  as  a  consequence  labor  was  veiy  un- 
reliable, going  from  levee  to  levee  without  apparent  cause.  I  have  reason  to  believi'  that 
upwards  of  5,000  men  were  brought  to  the  varioas  levees,  and  at  no  time  were  more  than 
half  that  number  actually  employed.  The  contractors  were  notified  from  time  to  time 
to  increase  their  forces,  but  these  notifications  seemed  to  have  but  little,  if  any,  effi^ct 
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Third.  Bat  few  of  the  oontiactois  personally  snperintended  their  work,  preferring  to 
trust  to  employes,  who  were  in  many  cases  inefficient,  and  had  no  disposition  to  push 
the  work  to  completion. 

The  principles  generally  ohserred  in  establishing  the  grades,  crown,  and  slopes  of  the 
levees  in  the  district  have  been  to  build  them  at  least  as  high  as  the  old  levees  which 
they  join.  The  grades  given  in  this  report  are  from  the  bench  marks  of  the  Oommis- 
«ion  referred  to  a  plane  190.84  feet  below  the  zero  of  the  United  States  Engineers'  gauge 
at  Memphis,  Tenn.  The  slopes  have  been  governed  by  the  amount  of  money  allotted. 
Only  two  of  the  levees  have  been  built  vnth  3  and  3  to  1  slopes;  the  remaining  nine  have 
3  and  2  to  1  slopes.  In  most  cases  an  endeavor  has  been  made  to  make  the  crown  equal 
to  the  height  to  the  nearest  foot  where  the  height  was  greater  than  4  feet.  Where  a  line 
of  light  embankment  crossed  a  slough  or  bayou  the  crown  of  the  levee  was  increased,  or 
a  banquette,  so  termed,  built  on  the  land  side,  to  within  the  width  of  the  crown  of  the 
top  of  the  levee.  Levees  with  3  and  3  to  1  slopes  were  built  with  a  uniform  crown  of  8 
feet. 

In  future  it  is  not  thought  advisable  to  build  levees  where  the  fill  is  more  than  6  feet 
with  less  than  3  to  1  slopes,  especially  in  swampy  localities.  Flumes,  culverts,  and  other 
ojtenings  through  the  embankments  have  not  been  permitted  in  any  case,  and  should 
not  be.  Measures  should  be  taken  to  prevent  the  levees  being  used  as  roads,  or  else  they 
6hould  be  built  considerably  higher  than  would  otherwise  be  necessarr,  to  allow  for  the 
wearing  down  caused  by  traffic  A  portion  of  the  levees  designated  as,  * '  from  Gastleman's 
to  Buck  Ridge, "  in  the  advertisement  for  proposals,  was  surveyed  and  staked  ofif,  but  was 
not  built  for  lack  of  funds.  It  ia  probable  that  the  high  water  of  1883  may  have  oblit- 
erated some  of  the  line  and  caused  the  banks  of  the  river  to  cave  so  as  to  render  a  chanse 
of  line  advisable  at  certain  points.  A  resurvey  will  be  necessary  between  Castlemairs 
and  New  Carthage  to  determine  these  &cts.  TheBongi4re  Crevasse  was  also  staked  off, 
but  the  assistant  engineer  who  made  the  survey  states  that  the  line  is  probablv  too  dose 
to  the  river,  and  it  should  be  changed.  From  Fairview,  the  lower  end  of  the ' 'Greens  to 
Fairview  "  levee  to  the  mouth  of  Red  River,  in  which  is  included  the  Bougi^re  Crevasse, 
is  unleveed  except  isolated  pieces  on  the  high  lands.  The  distance  by  river  is  64  miles, 
and  a  survey  of  this  stretch  will  be  necessary  before  work  is  undertaken.  The  above 
surveys  and  the  works  based  upon  them  will  make  the  line  of  levees  continuous  on  the 
right  bank  of  the  river  throughout  the  district  to  the  forts.  I  have  been  assisted  in  the 
field-work  by  three  assistant  engineers  acting  as  inspectors,  and  thirteen  sub-inspectors. 
This  force  has  been  reduced  from  time  to  time  as  tJie  levees  were  completed  or  put  in 
«uch  a  condition  as  to  no  longer  require  dose  supervision. 

Sutnmary. 


Levees. 

1^ 

H 

"SI . 

ill 

i4 

h 

From  Ca«tleiiuui*s  to  Baok  Bldg«,  near  Point 
Pleasant 

Shipps*  Bayon  to  Hard  Times,  inolndlng  protec- 
tion levee 

HfttiiicrftbWe  and  BondM'awttt.ft.TtTrf-t rt—f-t---  - 

9,818.0 
10,771.0 

83,6ao.o 

19.064.0 
92,460.5 
S5, 410.0 
20,708.0 
16,460.0 
5,668.0 
1,674.0 
5,782.5 

9,818.0 

6,609.0 
15,663.0 

13,862.0 

92,460.5 

52,80U0 

20,708.0 

16,460.0 

5,668.0 

1,674.0 

5,762.5 

ChUHc  yards, 

66,661.71 

189,706.89 
887,702.85 

805,110.79 
202,724.90 
885,714.22 
70,877.57 
65,946.19 
71,221.77 
9,175.55 
110,947.01 

Oub.yd». 

66,661.71 

76,416.88 
106,888.46 

172,476.06 

Kempe  Breaks  and  eirtension,  tnoludinff  proteo- 
tion  levee ~ 

202,724.90 

From  Oreen*s  to  Fairview .....^.Tt.,. .r. 

818,884.40 

Hog  Point  to  Raooonrd  (Old  River) 

59,028.47 
65,946.19 

Kaccouroi  CTmvames 

71,221.77 

Stewart*8  Crevasse 

9,175.60 

Potnte  Ck>ap6e  Crevasse 

110,947.01 

• 

271,840.0 

241,686.0 

1,764,291.04 

1,867.866.01 
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UNLEVEED  FBOKTB. 


Outleman**  to  New  GartliAge  . 

rf^re 

c  HAwk  to  Had  Biver 


Boogie 


Timber  felled  on  all  levee  lines,  260  acres. 
Total  length  of  levees  under  contract,  51  miles,  2,065  feet. 
Length  oonstracted  to  October  31,  45  miles,  3,936  feet. 
Remaining  to  build,  6  miles,  3,409  feet. 

F^t. 

Total  contents  of  levees  as  computed 1,764,291.04 

In  embankment  October  31 1,257,366.01 

Remaining  to  place  in  embankment 606,925.0S 

Veiy  lespectftdly,  your  obedient  servant^ 

H.  S.  Douglas, 
Aisulami  Engineer. 
Mig.  Amos  Sticknet, 

Corps  of  Engineen^  U,  8.  A, 

OfPBOYIKO  MISSBSaiPPI  BIVEB  AT  NATCHEZ  AND  VIDALIA. 

No  work  has  been  done  since  the  transfer  of  this  work  to  me  by  Capt.  A.  M.  Miller, 
Corps  of  EngineenL  U.  S.  A.  It  had  been  my  expectation  to  have  an  examination  mad* 
of  this  locality  during  low  water,  for  the  purpose  of  preparing  a  project  for  work,  but  the 
unusual  sickliness  of  the  season  has  so  crippled  my  force  of  assistants  that  nothing  has 
been  done.  The  old  survey  shows  the  principal  features  of  the  locality,  and  I  exp«^  to 
base  a  project  upon  that  survey.  A  recent  general  view  of  the  banks  obtained  in  pass- 
ing on  a  steamer  shows  that  the  caving  of  the  banks  continues  as  before,  but  only  to  a 
tmaH  extent  in  Giles  Bend,  the  worst  caving  being  in  Marengo  Bend  and  down  toward 
Waverlv  Point.  The  danger  to  Natchez  Harbor  is  not  immwiiate,  but  works  for  bank 
protection  will  be  required  to  prevent  the  working  down  of  the  bend  above  Natches. 

DCFBOYINa  MOUTH  OF  BED  BIVEB. 

At  the  date  of  my  last  annual  report  to  the  Commission  work  in  old  river  and  at  tibe 
mouth  of  Red  River  was  suq[>ended,  as  high  water  made  it  no  longer  necessary  for  navi- 
lotion* 

In  letter  of  August  17, 1883,  to  the  president  of  the  Commiasioh,  I  recommended  U> 
the  CommiaBion  that,  if  neceasaiy  to  keep  open  navigation  during  low  water,  the  same 
means  be  employed  as  heretofore,  that  is,  by  moving  a  stem-wheel  steamboat  attached  to 
two  tugB  backward  and  forward  over  the  shoal  places  to  stir  up  the  mud,  so  that  the  cur- 
rent might  cut  a  channel,  and  to  use  a  dredge-boat  for  cutting  a  channel  through  the  bar 
at  the  mouth  of  old  river.  This  having  been  approved  by  the  Commiasion,  steps  were 
taken  August  25, 1883,  to  procure  the  necessary  plant 

This  plant  should  have  been  at  work  by  September  3,  1883,  but  on  account  of 
breakage  of  machinery  of  one  of  tibe  tugs  after  starting  from  New  Orleans,  and  the  sink* 
ing  of  the  baige  containing  the  supply  of  coal,  actual  operations  were  not  commenced 
till  September  7.  At  this  time  there  was  9  feet  of  water  on  the  outer  bar  and  & 
feet  through  what  is  known  as  the ' '  gut '  *  in  Old  River,  and  it  was  thought  that  a  channel 
could  be  maintained;  but  the  water  continued  to  fall  with  great  rapidity,  and  the  banks,, 
from  800  to  1,000  feet,  through  the  gut,  slid  in,  almost  completely  closing  the  water-way 
and  shutting  off  the  flow.  The  consequence  of  this  was  an  immediate  draining  of  Lower 
Old  River  into  the  Atchafalaya  from  a  point  about  a  mile  above  the  foot  of  Tumbull'a 
Itdand,  leaving  the  boats  hard  aground,  two  of  them  having  scarcely  any  water  around 
them. 

I  visited  the  locality  October  11,  and  found  at  one  place  a  width  of  about  3  feet,  wiUi 
less  than  1  foot  depth,  which  was  all  that  remained  of  the  river.    This  sliding  in  of  the 
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banks  has  oocmred  at  each  low-w^ter  eeaBon  for  a  number  of  years,  bat  neyer  before 
to  the  extent  of  this  year. 

Some  harsh  comments  have  been  made,  as  in  previous  years,  with  regard  to  the  failure 
of  the  plant  to  keep  a  navi^ble  channel,  but  such  comments  must  certainly  have  ema- 
nated from  persons  much  interested  in  keeping  navigation  open,  but  ignorant  of  the 
cause,  or  extent  of  the  cause,  which  operated  to  close  the  channel.  It  has  never  been 
claimed  that  the  plant  used  could  do  anything  more  than  help  the  current  in  deepening^ 
the  shoal  places,  when  the  water  was  low  enough  for  the  action  of  the  tug  wheels  to  be 
felt  on  the  bottom  and  the  volume  of  water  and  current  strong  enough  to  cairy  off 
the  material  stirred  up.  The  dams  formed  by  the  sliding  in  of  hundreds  of  feet  of 
the  river  banks  not  only  cut  ofif  the  necessary  water  to  float  the  boats,  but  stopped  the 
current  necessary  to  cairy  away  any  material  that  might  have  been  stirred  up. 
This  peculiar  sliding  in  of  the  banks  in  this  locality  has,  I  believe,  never  been  satisfac- 
torily explained.  Upon  my  recent  visit  I  made  a  special  investigation  of  the  matter, 
and  I  believe  I  have  discovered  the  cause  of  the  instability  of  the  banks  to  be  the  presence 
of  water  back  of  the  banks,  whose  surface  is  at  a  considerable  elevation  above  the  river. 
When  the  river  falls  rapidly  this  back  water,  acting  under  a  considerable  head,  forces  its> 
way  under  the  banks,  converting  the  lower  strata  into  a  semi-liquid  material  which 
will  not  stand  under  a  slope  of  1  in  20,  or  even  flatter.  I  believe  there  was  not  a 
single  instance  of  sliding  bank  behind  which  I  did  not  find  either  standing  water  or 
pools  where  water  had  recently  been.  The  natural  drains  for  this  back  water  are  eadi 
year  more  and  more  obstructed  by  the  deposit  of  sediment  from  overflows,  the  obstruc- 
tion Increasing  more  rapidly  near  the  river  banks.  As  a  result  of  this  the  pond  water 
is  held  at  a  higher  level,  and  when  the  river  is  low  forces  its  way  through  the  soil  under 
greater  head. 

The  steamboat  and  tugs  commenced  work  September  7,  and  were  compelled  to  stop 
September  25.  They  resumed  work  on  October  17,  and  on  November  10  were  ordered 
to  return  to  New  Orleans,  there  being  a  navigable  channel  8  feet  deep  through  Old  I 
Biver.  The  dredge  commenced  work  on  the  outer  bar  September  8,  and  worked  con-  ^ 
tinuously  until  October  22,  when  she  was  moved  up  to  the  gut.  On  the  10th  of  No- 
▼ember  she  was  laid  ofif.  I  am  at  present  engaged  upon  a  plan  for  the  permanent  im- 
provement of  this  locality,  which  I  hope  to  present  to  the  Commission  in  a  short  time. 
In  December,  1882,  an  assistant  engineer  was  sent  to  make  some  surveys  of  Old  River 
in  order  to  obtain  data  for  estimates  and  project  for  placing  a  sill  across  old  river,  with 
» levee  across  the  valley  to  check  the  enlargement  of  the  passage  into  the  Atchafalaya 
River.  This  was  completed  early  in  February,  and  estimates  were  submitted  to  the 
Gommission  March  20,  1683.  The  Commission  decided  to  postpone  action  on  this. 
Upon  my  recommendation  for  a  resurvey  of  the  old  river,  which  was  approved  by  the 
Commission,  a  party  was  started  ftom  New  Orleans,  June  5,  and  work  commenced  a  few 
days  afterwards,  but  sickness  and  nn&vorable  weather  at  times  almost  suspended  opera- 
tions. The  survey  is  still  in  progress,  and  it  is  hoped  that  the  present  cool  weather  will 
enable  the  party  to  complete  it  soon.  The  following  report  of  the  assistant  engineer  in 
charge  gives  the  details: 

Red  Riyeb  Landing,  Odoher  31, 1883. 

Majob:  I  have  the  honor  to  report  to  you  the  amount  of  work  accomplished  on  the 
XL  rvey  of  the  month  of  Red  River  and  vicinity  since  the  7th  of  June,  when  I  arrived 
sere  with  a  portion  of  my  party,  which  was  not  complete  until  the  arrival  of  the  steam- 
haunch  on  the  22d  of  June.  The  survey  of  the  Miadasippi,  including  both  banks,  is  fin- 
ished from  below  Red  River  Landing  to  Garr's  Point,  1^  means  of  a  shore  line  on  the 
iright  bank  and  distances  carefully  measured  to  the  top  of  the  bimk,  so  as  to  showithe 
erosion  accurately,  and  a  note  of  the  stage  of  water  and  its  line  at  the  edge.  The  oppo- 
site bank  is  located  by  a  series  of  angles  taken  on  flag  stations  placed  on  all  points  and 
inlets,  so  as  to  define  the  line  of  the  top  of  the  bank  correctly.  The  sides  of  triangula- 
tion  on  the  tight  bank  forming  the  bases  are  never  less  than  half  a  mile  in  length,  and 
a  primary  baae  has  been  carefully  measured  and  checked  with  a  steel-tape  measure. 
Observations  of  the  true  meridian  have  been  taken  on  this  base  line.  A  traverse  line 
with  the  immediate  topography  has  been  run  on  the  levee  from  half  a  mile  below 
Red  River  Landing  to  section  No.  12,  on  Atchafalaya  River.  Cross-sections  Nos.  2,  4, 
6,  10,  and  12  of  the  Atchafalaya  have  been  relocated,  sounded,  plotted,  and  sent  into  the 
•office.  Likewise  in  the  lower  old  river,  cross-sections  F,  O,  I,  Z,  X,  also  D,  V,  and 
H,  in  the  mouth,  near  the  Mississippi.  These  sections  require  to  be  extended  back  on 
the  high  ground  on  the  right  of  the  Atchafalaya,  and  on  the  TumbuU  Island  side  of 
Lower  Old  River,  now  that  the  water  is  low  enough  to  make  it  practicable  to  do  so.  Eight 
cross-sections  have  been  taken  on  the  upper  old  river  at  right  angles  to  the  bed  of  the 
river,  and  extending  across  all  the  chutes  to  the  high  ground  on  either  side,  and  the 
notes  with  approximate  location  on  the  map  of  1879  Imve  been  sent  to  the  office.  A  sec- 
tion and  the  low-water  discharge  of  Red  River  have  been  taken  1,000  feet  above  the 
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head  of  Turnbnirs  Island,  plotted,  and  sent  in.  The  time  of  observation  was  most  faTor- 
able;  if  we  had  not  had  sncb  difficulty  in  getting  to  the  Point,  the  section  would  have 
been  extended  further,  and  the  observation  made  more  elaborately.  The  surfiice  fall  to 
Barbre's  at  the  time  of  observation  vrill  be  forwarded  to  you  with  the  notes  of  cross- 
section  No.  VIII  of  Upper  Old  River.  The  shore  line  on  Lower  Old  River  has  been  run 
Section  L  near  Ash  Cabin,  connecting  and  locating  the  cross-sections.  The  instrumental 
work,  measuring,  sounding,  relocating,  and  referencing  off  on  the  cross-sections  has  been 
done  in  a  careful  and  accurate  manner.  The  levels  check  most  satisfactorily  with  those 
of  Mr.  Reese  in  1880.  The  direction  and  approximate  velocity  of  the  current  in  Old 
River  has  been  daily  observed  and  the  report  for  the  last  ten  days  is  inclosed,  also  a  sick 
list  for  each  month,  taken  from  a  rough  record  of  each  day's  work. 

There  are  many  odd  days  and  half  days  where  men  were  off  duty  that  I  took  no  note 
of,  and  the  amount  of  days  lost  by  sickness  fails  to  express  how  the  general  ill-health 
of  the  party  has  retarded  the  survey,  and  the  enervation  of  the  whole  party  caused  by 
the  sickliness  of  the  season.  The  deaths  of  the  old  inhabitants  in  this  locali^  have  been 
remarkably  numerous.  The  sickness  of  two  members  of  my  party  has  resulted  in  death 
floon  after  leaving  the  party.  Both  were  only  a  short  time  employed.  The  character  of 
the  malaria  is  tenacious  and  malignant  Mr.  Struthers,  a  leveler,  who  left  August  12, 
and  went  by  sea  to  New  York,  writes  to  me  on  October  12  that  he  is  still  veiy  weak 
and  subject  to  fevers,  and  has  been  unable  to  do  any  work  since  he  left  here.  Mr.  Poo- 
tell,  a  rodman,  writes  from  Georgia  to  the  same  effect  The  oi^ganization  of  my  party  is 
continually  spoilt  by  the  changes  in  its  members.  By  comparing  the  time  lost  by  sick- 
ness with  the  time  on  the  pay-rolls,  a  percentage  of  time  lost  can  be  obtained. 

The  greatest  surface  fall  with  running  water  between  the  Mississippi  that  I  have 
fcnowl^ge  of  was  on  the  21st  of  October,  and  was  6/4. 
I  am,  respectftdly,  your  obedient  servant, 

Abthub  Owen  Wilson, 

Assistant  Engineer, 

Miy.  Amos  Stickney, 

Corps  of  Engineers,  U,  8.  A. 

In  accordance  with  the  resolution  of  the  Commission  of  September  14, 1882,  and  my 
project  presented  to  the  Commission  March  20, 1883,  an  assistant  engineer  and  party  was 
«entinto  the  field  in  June,  1883,  to  make  a  survey  to  obtain  more  data  for  plan  and  esti- 
mate of  cost  of  opening  a  navi^ble  route  from  the  Mississippi  River  to  the  Atchafalaya 
and  Red  River  by  way  of  Bay  ou  Plaquemine.  Work  was  commenced  June  1 3,  but  sickness 
and  bad  weather  made  progress  very  slow.  The  party  became  disorganized  on  June  28,  and 
the  assistant  engineer  returned  to  New  Orleans  sick.  Another  assistant  was  sent  up,  but 
after  a  few  weeks  of  slow  work  became  sick  and  died.  The  survey  was  suspended  Sep- 
tember 11.  It  will  be  resumed  as  soon  as  practicable.  An  estimate  of  the  coat  of  the 
Plaquemine  route  is  being  prepared  from  the  notes  of  the  reoentsurvey  in  Bayou  Plaque- 
mine,  and  from  a  previous  survey  of  Grand  River  made  under  the  direction  of  this  office. 

8UBVEY  OF  CUBITT'S  GAP. 

A  party  was  sent  to  make  this  survey  on  January  13,  1883,  but  owing  to  denar  ibgi 
nothing  was  accomplished  beyond  making  a  few  soundings  across  the  river  and  a  f  w  in 
the  gap.  The  survey  was  suspended  and  the  party  returned  to  New  Orleans.  After 
the  cessation  of  fogs  the  river  was  too  high,  being  over  its  banks,  to  permit  a  p  jtrty  to 
camp  in  the  vicinity.  This  present  time  is  fiivorable  for  the  si^rvey  and  a  pai  ty  will 
probably  be  sent  to  the  locality  during  this  month.  An  additional  allotment  is  necessaiy 
for  this,  the  original  allotment  having  been  too  small  and  a  considerable  portion  used  in 
the  ineffectual  attempt.  Captain  Heuer,  Corps  of  Engineers,  has  kindly  offered  to  make 
the  soundings  in  the  river,  with  the  party  constantly  engaged  at  the  jetties,  who  are 
accustomed  to  deep-water  soundings  and  have  a  steam-launch  at  their  disposal. 

OB8EBVATION8  AT  CABBOLLTON. 

In  order  to  carry  out  the  resolution  of  the  Commission,  allotment  for  which  was  made 
November  19,  1882,  and  afterwards  increased  by  $1,500,  an  observation  party  was  sta- 
tioned at  Carrollton  on  January  17, 1883,  and  measurements  of  river  discharge  were  com- 
menced on  January  27,  1883.  Daily  observations  were  made  when  the  weather  would 
permit  until  the  latter  part  of  July.  At  this  time  it  was  found  that  by  using  the  party 
in  connection  with  the  preparatory  work  for  improvement  of  New  Orleans  Harbor  a  longer 
time  could  be  covered.    The  observations  were  therefore  reduced  to  two  per  week  and 
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continned  till  September  7,  when  the  allotment  was  exhausted.    The  report  of  Assist- 
ant Engineer  W.  G.  Price  gives  details  of  the  observations  (see  plates  II  and  III): 

Cabbolltok,  La.,  November  8,  1883. 
Ma  JOB:  I  have  the  honor  to  submit  the  following  report  of  discharge  measurements  of 
the  Mississippi  Biver  at  Carroll  ton,  La.,  from  Jannaiy  27  to  September  7,  1883,  made 
under  your  direction.  The  party  was  organized  in  Saint  Louis,  and  arrived  in  Carroll- 
ton  January  17.  It  consisted  of  an  assistant  engineer,  a  recorder,  an  engineer  of  launch, 
a  steersman,  and  two  boatmen.  Ten  days  were  required  to  construct  the  necessary  ap- 
paratus, and  the  first  discharge  was  measured  on  January  27.  The  discharges  were  taken 
daily,  except  Sundays,  from  Januaiy  27  to  July  21,  and  then  in  order  to  make  the  ap- 
propriation last  until  low  water  the  discharge  was  measured  only  twice  a  week.  On 
September  7,  the  appropriation  having  been  about  used  up,  the  work  was  stopped.  The 
section  used  is  known  as  the  Cambronne  section.  The  velocity  was  measured  with  the 
current  meter;  meters  A  and  B  of  my  own  construction  were  used.  The  meter  was  run 
from  a  catamaran  which  was  lashed  to  the  side  of  a  steam-launch,  which  was  kept  steady 
at  the  velocity  stations  by  the  pilot  and  engineer.  Bange  lines  were  put  up  on  shore  for 
that  purpose.  The  soundings  and  velocity  stations  were  located  by  means  of  a  sextant 
set  at  an  angle  of  14°  2^,  and  a  stadia  base-line  of  signals  on  shore,  the  distance  being 
read  directly  from  the  base-line.  Most  of  the  soundings  were  taken  with  an  ordinary 
lead-line,  some  with  a  jack  chain  and  others  with  a  graduated  wire.  As  all  these  sound- 
ings agree,  it  is  thought  the  error  from  using  a  lead-line  is  veiy  small.  In  taking  dis- 
charge the  velocity  was  measured  at  mid-depth  only  and  at  eighteen  stations.  These 
stations  were  taken  at  the  same  points  each  day  and  were  near  together  where  the  hori- 
zontal curve  of  velocity  was  sharp  and  farther  apart  at  other  places.  The  mid-depth 
velocity  was  reduced  in  computing  the  discharge  by  from  3}  to  4  per  cent.,  which  quan- 
tities were  determined  from  the  vertical  curves  of  velocity.  The  method  of  partial  areas 
was  used  in  computing.  The  eighteen  velocity  stations  divided  the  section  into  nineteen 
partial  areas,  and  each  area  except  those  next  the  shore  was  multiplied  by  the  mean  of 
two  velocities.  The  apparatus  used  worked  veiy  nicely;  the  meters  were  rated  several 
times  during  the  work  and  always  with  the  same  result. 

VEBTICAL  VELOCITY  CUBVJfiB. 

These  curves  were  measured  with  the  current-meter  at  poiiits  from  1  to  5  feet  apart  from 
the  surface  to  within  1.3  feet  of  the  bottom.  The  meter  was  run  frt)m  ten  to  twenty- 
minutes  at  mid-depth  and  two  minutes  at  each  of  the  other  points.  The  verticals  were 
measured  at  each  of  the  eighteen  velocity  stations  used  in  measuring  discharge.  The 
curves  were  plotted  on  cross-section  paper,  and  then  the  depth  was  divided  into  thirty 
parts,  and  the  velocity  was  scaled  at  each  depth.  To  combine  them  the  velocities  at  the 
same  proportional  depths  in  the  different  curves  were  added  and  the  resulting  curve 
plotted.  To  get  the  mean  velocity  the  area  of  the  curve  was  divided  by  the  depth.  I 
have  made  four  combinations  of  these  curves  taken  between  January  27  and  July  1. 
Those  taken  between  July  1  and  September  7  have  been  combined  in  one  curve.  These 
curves  are  very  regular,  and  show  that  the  wind  has  but  little  effect  on  the  motion  of  the 
water,  and  that  the  average  per  cent  of  mean  velocity  to  mid-depth  velocity  is  about 
96}f  being  a  little  less  for  a  rising  river  and  a  little  more  for  a  falling  river. 

BEND  SOUNDINOB. 

I  began  sounding  a  section  across  Nine  Mile  Point  Bend  March  20,  and  these  soundings 
were  continued  at  intervals  till  September  7.  The  soundings  have  been  plotted  and  the 
datum  areas  calculated.  They  show  that  the  bottom  cut  out  as  the  river  rose  and  that 
it  filled  up  again  at  low  water. 

AMOUNT  OF  WOBK  DONE. 

Discharges  measured 1 148 

Vertical  velocity  curves  measured 61 

Section  in  bend  sounded 8  times. 

Bespectfully  submitted. 

W.  G.  Pbice, 

Assistant  Engineer. 
Miy.  Amos  Stickney, 

(hrps  of  Engineers^  U.  8.  A. 
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& 


£ 

^ 
? 


4 
^ 


January  27 

January  80 

January  31 

February  L 

February  2...... 

February  6 

February  7 

February  8 

February  9 

February  10.... 
February  13.... 
February  15.... 
February  17.... 
February  19.1.. 
February  20.... 
February  21.... 
February  22.... 
February  23.... 
February  28.... 

March  1 

March  2.. 

March  8. 

Ifaroh  6.... 

March  7~- 

March  9... 

March  12 

March  13. 

March  14 

March  15 

March  16 

March  17 

March  19 

March  20 

March  21 

March  22 

March  23 

March  24 

March  26 

March  28 

March  29 

March  80 

March  81 

April  2 

Aprils 

April  4 

April  5 

April  6 

April  7 

April  9 

April  10 

April  11 

April  12 

April  14 

April  16 

April  17 

April  18 

April  19 

April  20. 

April  21 

April  23 

AprU24 

April  25 

April  26 

April  27 

April  28 

April  80 

May  1 

May  2. 

May  3 

May  4 

May  6 

May  7.- 

May  a 


4.609 
4.970 
5.810 
6.690 
6.170 
7.634 
8.494 
8.738 
8.989 
9.230 
9.485 
9.915 
10.385 
10.980 
11.075 
11.165 
11,340 
U.680 
12.151 
12.830 
12.877 
12.298 
12.490 
12.685 
12.962 
12.785 
12.875 
12.940 
13.045 
13.102 
13.175 
18.817 
13.492 
13.452 
13.800 
13.468 
13.910 
18.991 
14.120 
14.264 
14.660 
14.675 
14.839 
14.945 
15.007 
15.032 
15.138 
15.388 
15.465 
15.260 
15.123 
15.108 
15.061 
14.806 
14.689 
14.610 
14.604 
14.580 
14.500 
14.487 
14.420 
14.855 
14.228 
14.900 
14.201 
14.213 
14.238 
14.234 
14.245 
14.190 
14.268 
14.130 
14.014 


2,289 
2,290 
2,290 
2,291 
2,292 
2,800 
2,829 
2,340 
2,342 
2,348 
2,355 
2,355 
2,360 
2,362 
2,364 
2,366 
2,420 
2,518 
2,520 
2,546 
2,546 
2,650 
2,555 
2,560 
2,567 
2,567 
2,567 
2,567 
2,567 
2,567 
2,567 
2,567 
2,567 
2,667 
2,567 
2,567 
2,567 
2,567 
2,567 
2,567 
2,567 
2,567 
2,567 
2,568 
2,568 
2,568 
2,568 
2,568 
2,568 
2,568 
2,568 
2,668 
2,568 
2,568 
2,567 
2,567 
2,567 
2,667 
2.567 
2,667 
2,667 
2,567 
2,567 
2,667 
2,567 
2,667 
2,567 
2,567 
2,567 
2,567 
2,567 
2,567 
2,567 


Sq.fed, 
147,596 
148,642 
149,784 
152,046 
153,062 
157,266 
159,190 
150,668 
160,362 
161,014 
162,122 
161,230 
162,212 
162,796 
163,014 
162,862 
164,876 
165,012 
165,492 
164,848 
164,926 
165,486 
165.976 
163,498 
164,686 
158,542 
158,623 
160,700 
161,146 
162,386 
162,664 
162,426 
162,838 
164,040 
163,658 
163,280 
164,422 
150,410 
159,726 
160,132 
164,784 
165,070 
167,010 
167,244 
170,620 
171,810 
173,062 
173,487 
174,694 
174,195 
176,870 
178,080 
183,272 
179,626 
184,212 
184,123 
181,130 
182,189 
180,716 
180,689 
179,468 
179,407 
180,031 
180,123 
179,579 
178,714 
178,608 
178,608 
179,716 
179,569 
179,774 
178,388 
178,192 


Sq.feeL* 
137.286 
137,448 
137,766 
189,061 
189,181 
139,826 
189,228 
139,614 
139,887 
140,051 
140,517 
188,612 
138,566 
187,501 
137,424 
137.107 
188,275 
187,606 
186,892 
135,733 
136,151 
136,627 
137,801 
133,140 
133,891 
128,171 
128,240 
130,022 
130,152 
131,267 
131,384 
131,570 
131,560 
182,640 
182,594 
132,000 
132.170 
126.802 
126.832 
126,879 
131,065 
131,087 
132.141 
132,142 
185,452 
136,871 
137.923 
137,772 
138,428 
188,475 
141,090 
142,814 
147,996 
144,930 
149,886 
149,972 
146,998 
148,021 
146,007 
146,609 
145,724 
145,795 
147,023 
146,946 
146,619 
145,655 
145,878 
145,378 
146,338 
146,832 
146,337 
145,251 
145,858 


FeeL 


2.994 
8.006 
8.028 
8.249 
8.820 
'4.138 
4.070 
4.196 
4.219 
4.190 
4.269 
4.706 
4.828 
4.833 
4.962 
4.922 
6.172 
5.143 
6.159 
6.268 
5.838 
5.467 
6.651 
6,688 
6.681 
5.571 
5.670 
6.743 
6.670 
6.644 
5.702 
5.818 
6.834 
5.837 
5.849 
6.854 
6.218 
6.199 
6.154 
6.107 
6.128 
6.220 
6.175 
6.066 
6.078 
6.970 
6.219 
5.982 
6.005 
5.823 
5.800 
6.621 
5.588 
6.554 
5.638 
5.607 
5.469 
5.815 
5.897 
5.836 
5.846 
5.313 
5.820 
5.414 
5.361 
5.260 
5.258 
5.263 
5.256 
5.255 
6.267 
6.809 


Oub.feeL 
417,69a 
446, 0M> 
460,491 
460; 400 
496»277 
600,773 
657.946 
649,807 
073,143 
679,416 
679,299 
688,813 
763,288 
784,873 
787,867 
806,269 
809,171 
852,892 
849,672 
850,562 
868,758 
898,008 
907,616 
907.617 
968,888 
882.796 
883.610 
911.148 
925,490 
919,870 
918,104 
926,298 
947,334 
957.148 
954,261 
955,072 
962,648 
991,208 

'JtS5.43» 

l,<)3s<,91fl 

1,015,096 
1J>47,316 
1,(135,775 
1.07&,029 

l,a32.?26 
l,n3r>JS9 
lj*J2,220 

i^ftiijiTje 

ir*7  fi^ 

\vjt\  in 

959^0^ 
956,671 
968,195 
972,428 
968,189 
939,569 
940,088 
945,836 
943,913 
945.625 
939,488 
946.086 


*  Below  sero  of  CarroUton  sauge. 
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1883. 

May  9. 

May  lO. 

Bfay  IL, 

May  12. 

May  14. 

May  15.. 

Mayld 

May  17.. 

May  18. 

Mayl9„ 

May  21 

May  22 

May  23 

May  24 

May  26 

BIay28. 

May  28 

May  29  » 

May  80. 

May  81.. 

Junel 

June  2 

June  4 

Junes , 

June  6 

June? 

June  8 , 

June  9 

June  11> 

June  12.. 

JunelSw ».. 

June  14. 

June  15. 

June  16. , 

June  18. 

June  19„ 

June  20.^ 

June  21. , 

June  22 

June  23 

June  25 

June  26 

June  27 

June  28. 

June  29 

June  80. 

July  2 

July  8 

July  6 

July  6 

July  7 

July  9 

July  10 

July  11 

July  la 

July  14 «.. 

July  16. 

July  17. 

July  18 

July  19. 

July  20. 

July  21...„ , 

July  25. , 

July  28. 

July  81. 

Aug^ust  4. 

Auinifli  & 

August  11 

Aufi^ust  15 

August  18. 

August  22 

August  25. 

August  29 

-fleptember?.. 


14.076 
14.114 
14.151 
14.076 
14.138 
14.008 
14.066 
14.062 
14.171 
14.206 
14.144 
14.058 
18.948 
13.797 
18.719 
13.854 
18.585 
18.688 
13.688 
13.728 
13.625 
13.607 
13.475 
13.484 
13.436 
13.828 
18.'816 
13.288 
13.178 
13.185 
13.076 
18.080 
12.984 
12.900 
12.777 
12.766 
12.706 
12.632 
12.640 
12:454 
12.585 
12.652 
12.496 
12.448 
12.541 
12.554 
12.522 
12.462 
12.874 
12.450 
12.426 
12.480 
12.500 
12.540 
12.590 
12.569 
12.565 
12.455 
12.465 
12.860 
12.845 
12.280 
11.700 
11.455 
11.150 
9.847 
8.520 
7.860 
6.570 
6.120 
5.300 
4.752 
2.875 
1.930 


2,567 
2,567 
2,567 
2,567 
2,567 
2,567 
2,567 
2,567 
2,567 
2,567 
2,567 
2,567 
2,567 
2,567 
2,567 
2,567 
2,567 
.2,567 
2,567 
2,561 
2,467 
2,467 
2,467 
2,467 
2,467 
2,467 
2.497 
2,467 
2,417 
2,417 
2,417 
2,417 
2,417 
2,417 
2,417 
2,417 
2,417 
2,417 
2,417 
2,417 
2,417 
2,417 
2,417 
2,417 
2,892 
2,892 


2,892 
2.892 
2,892 
2,892 
2,892 
2,892 
2,897 
2,897 
2,897 
2,407 
2,407 
2,892 
2,392 
2,892 
2,892 
2,887 
2,887 
2,867 
2,837 
2,817 
2,310 
2,800 
2,282 
2,804 
2,192 
2,240 
2,189 


I 


i:f>,  788 

17-1,  190 
ITJ,  :i04 

m,  uoi 

175,  'I7H 

177,  Jfe^ 

131,430 
132,^2 
183,100 

l,Hl,2r36 

iai,5i2 

lt)0,  ti37 
IStJ,  h17« 

17a  2M 

1S3,S72 
182,257 
lHl,7g^ 
1SI,607 
I8],r>45 

ih;i.mo 

1S3,471 
1K3JSH 
1^0,27(1 

1S2,  ]  17 

1 'id,  701 

j^'i.iiii 
17U.110 

leo.^QS 
i>ti.3i4 
it^r^ao 

IJ^l  H50 

]  - 1 ,  r-*^! 

i«>,af7i 

1BI\J?71 

171\K40 
lH!,13fl 

ifHi.oao 

IH2,900 
\^2.  128 

3  7^1,302 

17.^,  'joa 

17L^,  ;^t90 
Hi7,  IK50 

n>i,Hao 

lO'J,  1,"V5 
HU,220 

150,  S33 


1^165 
143,224 
148,560 
143,664 
149^980 
141,431 
142,985 
142,201 
142,174 
142,160 
145,181 
145,174 
147,465 
149.154 
160,728 
160,719 
149,424 
149,428 
151,182 
151,461 
149,069 
149,072 
147,949 
151.006 
151,010 
151,150 
151,060 
151,154 
153,891 
153,474 
153,680 
153,567 
153,960 
153,869 
152,776 
152,790 
151,627 
151,526 
160,973 
160,996 
160,630 
150,644 
151,906 
151,985 
157,058 
157,027 
153,982 
154,143 
152,902 
152,903 
152,901 
152,296 
152,300 
161,166 
162,260 
152,260 
154,411 
154,110 
154,120 


152,992 
152,572 
152,875 
162,640 
160,662 
160,014 
148,842 
148,195 
145,360 
147,429 
147,783 
148,183 
145,090 
146,821 


ll 


1^ 


5.823 
5.895 
5.286 
5.864 
5.863 
5.344 
5.820 
5.243 
5.168 
5.180 
5.115 
5.206 
5.006 
5.020 
4.947 
4.968 
4.928 
4.867 
4.829 
4.816 
4.858 
4.802 
4.941 

4.785 

4.816,, 

4.741' 

4.729 

4.714 

4.660 

4.644 

4.654 

4.700 

4.618 

4.557 

4.696 

4.549 

4.578 

4.578 

4.582 

4.565 

4.627 

4.591 

4.609 

4.572 

4.498 

4,582 

4.597 

4.610 

4.462 

4.548 

4.440 

4.460 

4.668 

4.565 

4.760 

4.519 

4.442 

4.123 

4.123 

4.192 

4.421 

4.329 

4.119 

4.292 

8.790 

8.406 

8.380 

8.126 

2.966 

2.592 

2.582 

2.312 

1.976 


9 


Ciib.feO. 
936,487 
960,759 
985,287 
948,441 
988,382 
980,617 
929,667 
917,3a 
907,610 
908,064 
911,006 
916,277 
910,271 
910,977 
904,666 
908,261 
888,288 
883,664 
883,848 
883,480 
876,706 
864,048 
881,063 
877,798 
87^106 
875,065 
861,685 
859,046 
865,049 
855,025 
852,617 
854,066 
862,242 
846,448 
830,027 
837,076 
822,081 
825,601 
823,478 
821,781 
817,828 
828,857 
828,480 
880,660 
845,987 
881,456 
831,545 
883,860 
817,686 
809,572 
824,968 
808,189 
807,760 
819,806 
827,128 
833,740 
826,540 
810,275 
751,280 
747,378 
801,590 
798,279 
776,637 
733,986 
755,190 
646,588 
571,888 
549,111 
606,849 
478,359 
414,850 
412,967 
867,737 
298,124 


2878      REPOBT   OF   THE   CHIEF   OF   ENGINEERS,  U.  S.  ABMT. 
Tabulated  resuUs  of  vcrHedl  vdocUy  measwremerUa. 


Depth. 

First    Combination  of 
12  verticals.      Wind 
down  stream— ve- 
locity. 

1 

p 

Snrflwe. 

1-90 

6.84 
6.88 
6.42 
6.42 
6.44 
6.42 
6.44 
6.48 
6.46 
6.48 
6.44 
6.44 
6.48 
6.44 
6.43 
6.42 
6.42 
6.38 
6.86 
6.36 
6.29 
6.28 
.6.27 
6.16 
6.10 
4.91 
4.74 
4.66 
4.34 
8.94 
8.72 
3.06 

6.72 
6.80 
6.82 
6.80 
6.81 
6.79 
6.79 
6.78 
6.80 
6.82 
6.81 
6.78 
6.75 
6.78 
6.76 
6.74 
6.78 
6.79 
5.76 
6.73 
6.69 
6.67 
6.61 
5.59 
6.48 
6.81 
6.17 
4.92 
4.56 
4.13 
8.66 
8.06 

6.96 
6.06 
6.09 
6.09 
6.09 
6.09 
6.14 
6.18 
6.16 
6.18 
6.18 
6.16 
6.18 
6.21 
6.18 
6.12 
6.17 
6.09 
6.08 
6.98 
6.93 
6.98 
6.94 
6.88 
6.79 
6.66 
6.60 
6.28 
4.98 
4.86 
4.07 
8.64 

6.49 
6.68 
6.62 
6.60 
6.61 
6.59 
6.60 
6.61 
6.63 
6.62 
6.68 
6.60 
6.60 
5.69 
6.58 
5.56 
6.53 
5.56 
5.53 
5.51 
5.46 
5.43 
5.40 
6.39 
5.24 
6.07 
4.88 
4.70 
4.36 
8.96 
3.82 
8.C7 

2.73 
2.72 

a-ao 

»-30 

4-30 

2.75 
2.75 
2.73 

6-80 

2.79 

6-30 

2.75 

7-«) 

WO _ 

9-«) _. 

10-30 

U-W 

12-30 „ _ 

18-«) 

2.78 
2.77 
2.75 
2.73 
2.71 
2.68 
2.68 

14-«) .-. 

16-30  !;;"i!;!izrzzrzz;;;;;;;";;;!"!!!;!;!!;;;!ZZ! 

17-«) _ 

18-80 

2. 70 
2.68 
2.63 
2.60 
2.50 

19-30 

2.87 

20-80 

21-«) .♦ 

22-80 

2.53 
2.60 
2.49 

28-80 

2.47 

24-30 «. 

26-30 

2.44 
2.23 

26-30 : 

2.13 

27-30 

2.04 

28-30 

1.91 

2^-30 

1.74 

291-30 

1.57 

Bottom « 

1.35 

Mean  velocity- - 

Mid-depth  velocity .-. 

Percent  of  mean  to  mid-depth.. 

6.200 
6.420 
90.29 

5.548 
5.750 
96.48 

5.877 
6.160 
96.71 

6.844 
5.660 
96.29 

2.540 
2.680 
96.60 

Tabtdated  resuUa  ofwundings  in  Nine  MUe  P&ini  Bend,  1883. 


Date. 

Gauge. 

Datum  areas. 

Mkich20 

March  27. 

April  16. 

18.5 
14.2 
14.8 
14.2 
13.9 
13.4 
12.5 
2.0 

Square  feel, 
177,940 
186,016 
189,000 
186,640 
189,156 
184,200 
196,783 
156,730 

May  28 

June  6 

Jane  26. 

September  7... 

BONNET  CABX&  CBEVASSB. 

On  December  20,  1882,  the  Commission  passed  a  resolntion  recommending  an  allot- 
ment of  $15,000  for  the  dosing  of  this  crevasse.  The  allotment  was  made.  The  State 
of  Louisiana  sahscribed  $15,000  and  private  parties  about  $5,000.  Under  these  condi- 
tions the  New  Orleans  and  Mississippi  Valley  Railroad  Company  concluded  to  build  the 
levee.  An  agreement  was  entered  into  with  John  A.  Grant,  vice-president  of  the  com- 
pany, for  the  payment  to  him  of  $15,000,  less  the  necessary  expenses  of  inspection  and 
acceptance  on  completion  of  the  levee,  for  the  entire  doeure  of  the  crevasse.  Upon  report 
of  completion  an  inspection  was  made  of  the  levee  Februaiy  15, 1883;  and  it  being  found 


APPENDIX   TT — REPORT  OP  MISSISSIPPI  RIVER  COMMISSION.      2879 

a  Rood,  substantial  work,  payment  was  made  Febroary  22,  1883.  Considerable  worlf  on 
this  levee  was  found  necessary  after  its  completion  and  during  the  flood.  This  was  paid 
for  by  the  railroad  company  and  the  levee  maintained  in  good  order.  The  closure  of  thia 
crevasse  has  already  had  a  remarkable  effect  in  deepening  the  bed  of  the  river  in  the 
vicinity.  The  results  obtained  will  probably  be  fully  shown  in  the  recent  survey  made 
by  Assistant  Engineer  Ewens  under  the  direction  of  the  Commission. 

IMPBOYING  HARBOB  AT  NEW  OBLSAKS,  LOUISIANA. 

(See  Plate  I.) 

The  project  for  this  work  was  approved  by  the  Commission  September  18, 1882.    The 

Elant  necessary  for  its  prosecution  having  been  procured,  everything  was  in  readineas  and 
1  place  for  commencing  the  construction  of  the  mattress  400  feet  wide,  beginning  at  the 
head  of  the  Carrollton  bend  October  9, 1883.  Proposals  for  furnishing  brush  were  opened 
after  due  advertisement  September  5,  and  George  W.  Davis,  being  the  lowest  bidder,  wa» 
awarded  the  contract  at  $1.75  per  cord.  Requisition  was  made  upon  the  executive  offi- 
cer of  the  Commission  for  the  stone  for  ballast,  iron,  wire,  &c.  The  fiist  delivery  of 
brush  was  made  October  13,  and  weaving  of  mattress  commenced  October  16.  Ailer 
weaving  about  85  feet  work  was  suspended  by  non-airival  of  brush.  On  November  8 
3  baige  loads  were  received,  and  work  recommenced,  but  alter  weaving  about  190  feet 
additional,  work  was  suspended  again,  the  supply  of  brush  being  exhausted.  I  have 
recommended  the  annulment  of  the  contract  and  will  make  other  arrangements  for  pro- 
curing brush.  On  October  9  about  838  yards  of  stone  were  received  from  the  executive 
officer  of  the  Commission.  Since  then  no  stone  has  been  received,  and  I  am  informed 
that  none  can  be  expected  till  about  the  last  of  this  month. 

Cabbollton,  La.,  November  8,  1883. 

Ma  job:  I  have  the  honor  to  submit  the  following  report  of  work  done  towards  im- 
proving the  harbor  of  New  Orleans  since  you  placed  me  in  charge,  which  was  on  the  Isi 
of  August,  1883.  A  steamrtug  had  been  purchased,  and  the  ten  bai^^  on  which  the 
mattress-ways  were  to  be  constructed  had  been  completed  in  Saint  Louis  and  delivered 
at  Carrollton;  and  I  began  at  once  to  get  up  a  plan  for  joining  these  bu^^and  for  build- 
ing the  mattress-ways  on  them.  I  also  submitted  a  plan  for  building  the  mattress  and 
estimates  of  material  required.  These  plans  and  estimates  were  approved  by  you,  and 
the  building  of  the  mattress- ways  be^n  on  August  21.  Owing  to  the  difficulty  in  get- 
ting good  carpenters  and  the  slow  delivery  of  material,  they  were  not  completed  till  ^p- 
tember  29.  The  mattress- ways  are  28  feet  wide  and  400  feet  long;  they  are  constructed 
across  the  ends  of  ten  baiges,  each  of  which  measure  100  feet  by  20  feet.  These  bai^gea 
are  separated  22}  feet,  and  are  so  linked  together  that  high  waves  cannot  ii\jure  them  or 
the  mattress-ways.  In  accordance  with  your  order,  a  storehouse  was  begun  on  Septem- 
ber 19  and  completed  on  October  4.  It  is  a  building  20  feet  by  80  feet,  and  a  room  20 
feet  by  20  feet  was  partitioned  off  of  one  end  for  an  office.  All  the  supplies  received  for 
this  work  and  some  other  property  belonging  to  your  department  have  been  placed  in 
this  building. 

The  plant  for  building  mattress  was  placed  in  i>osition  at  the  head  of  Carrollton  Bend 
October  9,  and  the  construction  of  mattress  begun  on  the  14th.  The  willow  brush  i» 
woven  on  poles,  which  have  iron  rods  nailed  to  them.  The  poles  and  rods  are  25  feci 
long,  and  when  one  set  has  been  woven  full  of  brush  another  set  is  linked  on.  Two  No. 
8  wires  run  through  and  across  the  mattress  every  12  feet  of  its  length,  and  heavy  bind- 
ing poles  are  vrired  across  every  25  feet  in  length.  It  is  proposed  to  maJce  this  a  continu- 
ous mattress,  and  to  sink  it  as  fast  as  we  weave  it.  Owing  to  the  failure  of  the  contractor 
to  furnish  brush,  only  about  85  linear  feet  of  mattress  have  been  constructed. 
*    Respectfully  submitted. 

W.  G.  Pbice, 
Asaistani  Engineer, 

Mai,  Amos  Stickney, 

Corps  of  Engineers^  U,  8,  A, 

In  the  third-district  harbor  firont,  where  the  annual  destruction  of  the  wharves  by 
sliding  banks  seemed  to  present  a  very  serious  trouble,  the  experience  of  the  past  year 
has  shown  a  more  encoura^cing  condition  of  affairs.  The  wharf  lessees  made  a  partial 
experiment  of  a  plan  suggested  by  the  Board  of  Engineers,  viz,  the  scouring  out  of  the 
high-water  deposit  under  the  wharves  by  turning  the  propeller  of  a  tug,  the  tug  being 
made  fast  in  a  proper  i>osition.  The  result  of  this  experiment  was  so  satis&ctory  where 
the  wharves  were  so  constructed  as  to  permit  a  proper  application  of  tJbe  scouring  cuxw 
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rent  fh>m'tlie  tag  wheel  that  it  is  hoped  a  more  &vorable  shape  of  wharf  and  thorongh 
application  of  the  tug  sconriog  after  each  high  water  will  proTe  an  efiectnal  remedy.  On 
July  31, 1883,  the  following  letter  was  addressed  to  Mr.  Kirk,  in  charge  of  the  wharrea. 
No  reply  has  been  received  from  him: 

United  States  Enqikeeb  Office, 

New  Orleans^  La„  July  31,  1883. 

Sib:  I  desire  to  call  your  attention  to  a  method  of  preventing  the  caving  of  bank  and 
consequent  destruction  of  wharves  along  the  river  front  in  third  district.  The  Board  of 
Engineers,  of  which  I  was  a  member,  and  which  assembled  in  this  city  in  the  &11  of  1881, 
recommended  in  their  report  (as  one  of  the  means  that  might  be  tried  to  prevent  this 
caving)  the  washing  out  of  the  high-water  deposit  under  the  wharves  by  turning  the 
wheel  of  a  tug,  so  placed  as  to  send  a  current  in  the  proper  way.  This,  I  am  informedf 
was  tried  to  a  certain  extent  last  summer  with  very  satasfisM^ry  results.  As  this  is  a 
matter  of  very  considerable  importance  to  you  in  the  maintenance  of  your  wharves,  I 
write  to  ask  you  to  give  the  plan  a  more  systematic  and  thorough  trial  As  the  water  is 
now  falling,  it  would  be  well  to  commence  as  soon  as  possible,  before  the  deposit  be^^ 
to  slide.  If  this  proves  to  work  satiafiEictorily,  all  wharves  built  in  friture  could  Im  so 
planned  as  to  admit  of  the  proper  placing  of  the  tug,  and  the  annual  cost  of  the  work 
would  be  smalL  If  you  conclude  to  make  the  trial  I  would  like  to  have  one  of  mj 
assistants  make  measurements  to  note  the  results,  and  to  give  you  any  assistanoe  tha^ 
he  could  with  reference  to  determining  the  proper  points  for  scouring. 

Very  respectftilly,  your  obedient  servant, 

Amos  Stickkey, 
Major  of  Engineers,  U.  8.  A. 

Mr.  Gboboe  H.  Kibk, 

New  OrleanSf  La, 

In  my  letter  of  September  16, 1882,  to  the  Commission,  submitting  project  for  improve- 
ment of  New  Orleans  Harbor,  I  called  attention  to  the  &ctthat  at  other  parts  of  the 
harbor  work  would  probably  be  necessary,  and  that  the  experience  gained  and  results 
arrived  at  in  Carrollton  Bend  would  be  a  guide  for  the  extension  of  the  work.  During 
the  past  summer  very  extensive  caving  of  the  bank  has  occurred  in  the  Gouldsborough 
Bend,  and  above,  on  the  right  bank  of  the  river,  the  extensive  wharf  and  a  part  of  the  huge 
depot  building  of  the  Texas  Pacific  Railroad  sunk  into  the  river.  The  commercial  im- 
portance of  this  i>art  of  the  harbor  is  rapidly  increasing,  as  shown  in  the  accompanying 
letter  of  Mr.  E.  B.  Wheelock,  president  of  the  New  Orleans  Pacific  Railway  Company, 
and  report  of  Assistant  Engineer  W.  G.  Price.  To  thoroughly  protect  the  right  bank  will 
require  a  great  deal  of  work,  which  should  cover  both  bends  and  perhaps  the  straight 
reach  between,  as  shown  in  accompanying  sketch. 

New  Oblsans  Pacific  Railway  Compant, 

Pbebidbnt's  Qfficb, 
New  Orleans,  La,,  November  17,  1883. 
DsAB  Sib:  In  connection  with  your  present  important  labors  in  the  neighborhood 
of  New  Orleans,  I  beg  leave  to  call  your  attention  to  the  condition  of  the  bend  from 
Westwego  to  Algiers,  opposite  the  first  district  of  New  Orleans.  This  bend  is  rapidly 
becoming  one  of  the  most  important  portions  of  the  harbor  of  New  Orleans.  The  Mor- 
gan Railroad,  managed  by  the  Southern  Pacific,  and  the  Texas  and  Pacific  Railway,  now 
operating  the  property  and  franchises  of  the  New  Orleans  Pacific,  have  costly  and  need- 
ful termini  at  this  point,  where  facilities  must  exist  for  handling  the  commerce  of  the 
Southwest  and  West,  including  the  Pacific  slope.  Wharves  and  transfer  facilities  have 
already  been  built  at  lavish  expense,  and  more  are  needed.  Besides  the  railways  there 
are  such  important  enterprises  begun  on  the  same  shore,  as  the  terminal  fiidlities  of  the 
barge  companies,  compresses  and  warehouses  for  cotton,  grain  elevators,  cotton-seed* 
mills  and  storehouses,  and  wharves  for  other  purposes.  At  the  upper  end  of  the  bend 
opposite  Louisiana  avenue  there  is  Harvey's  Canal,  coimecting  with  the  network  of  navi- 
gation through  the  Bayou  Barataria.  These  great  and  constantly  increasing  interests 
of  commerce  and  navigation  require  immediate  protection.  It  is  a  case  of  urgency  in- 
cluded beyond  doubt  in  the  protection  of  commerce  and  navigation  by  the  National  Gov- 
ernment. If  the  river  be  controlled  at  that  point,  the  depots,  tracks,  inclines,  wharves, 
compresses,  and  elevators  designed  for  the  trade  of  half  of  the  continent  will  be  secure 
and  useful.  If  the  river  be  at  this  point  not  controlled  the  whole  machinery  of  commercial 
intercourse  above  detailed  is  put  in  constant  jeopardy,  its  development  arrested,  and  its 
very  existence  made  a  matter  of  doubt.  The  remedy  for  this  evil  does  not  seem  difficult. 
It  cannot  be  found  in  private  enterprise.  It  is  not  within  the  jurisdiction  or  duty  of 
any  single  riparian  proprietor.    It  would  seem  to  be  easily  found  in  the  scope  of  the 
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national  power  as  exercised  for  the  improvement  of  harbors  and  the  protection  of  com- 
merce. The  caving  in  this  bend  has  already  destroyed  the  depot  of  the  Texas  and  Pacific 
Road,  and  carried  away  a  portion  of  an  incline  and  wharf.  It  has  compelled  the  setting 
back  of  a  costly  levee  at  great  expense.  It  threatens  the  entire  commerce  above  de- 
scribed and  may  occur  again  at  any  point  from  Algiers  to  Westwe^.  I  have  thought 
it  not  improper  to  ask  your  kind  attention  to  this  subject,  and  to  bespeak  for  it  your 
consideration.  I  may  add  that  on  the  2d  instant  I  addressed  a  statement  of  the  facts  to 
Hon.  B.  F.  Jonas,  of  the  United  States  Senate,  and  the  communication  was  concurred  in 
and  indorsed  by  the  following  gentlemen:  Duncan  F.  Kenner,  president  Planters,  and 
Crescent  OU  Company;  A.  Schreiber,  president  New  Orleans  Warehouse  Company;  John 
Phelps,  president  Cotton  Exchange;  R.  S.  Howard,  president  Chamber  of  Commerce;  W. 
J.  Behan,  mayor  of  New  Orleans;  Gomila  &  Co.,  managers  Relief  Elevator  and  Ware- 
house Company;  Morgan's  Louisiana  and  Texas  Railroad  and  Steamship  Company,  per 
A.  C.  Hutchinson,  president. 

Very  respectfully  yours, 

E.  B.  Whselock, 

President. 
Miy.  Amos  Sticekey, 

Corps  of  Engineers,  U.  8.  A. 

New  Orleans,  La.,  November  19,  1883, 

Majob  :  In  accordance  with  your  order,  I  have  obtained  the  following  information  in 
regard  to  valaes  of  property  on  the  river  front  in  Gouldsborough  and  Gretna,  between 
Harvey's  Canal  and  the  upper  line  of  Orleans  Parish,  as  follows: 

Texas  and  Pacific  Railroad  terminus $400,000 

Gomila  &  Co.,  barge  interest — 50,000 

/  New  Orleans  Compress  and  Warehouse  Company  cannot  establish  works  unless 

bank  is  protected _ 150,000 

Richard  Street  Ferry  Comi>any  suffer  from  caving  banks.     Morgan's  Railroad, 

warehouse  and  terminus  at  Gretna 200,000 

Jackson  Street  Ferry  Company  suffer  from  caving  banks. 

Union  Oil  Mills 300,000 

Crescent  City  Oil  Mills 300,000 

Each  of  the  oil  mills  has  large  wharves.  These  values  represent  the  cost  of  prop- 
erty located  there,  but  they  would  not  begin  to  cover  the  value  of  interests  if  they  were 
lost.  The  vtUue  of  the  property  above  Harvey's  Cuial  and  below  the  upper  line  of  Orleans 
Parish  I  have  not  had  time  to  get.  I  ^nd  ih>m  the  above  that  the  river  front  in  this 
bend  is  being  occupied  for  railroad  termini,  transfer  facilities,  warehouses,  and  similar 
constructions.  These  things  are  all  used  for  purposes  of  commerce  and  navigation,  and 
they  cannot  be  safely  used  unless  the  bank  is  protected. 

LENGTH  OF  BANK  TO  BE  PROTECTED. 

In  accordance  with  your  order,  I  have  divided  the  river  bank  which  needs  improve- 
ment into  three  sections.  The  first  begins  3, 100  feet  above  the  Company  Canal,  and  ends 
2,800  above  Harvey's  Canal,  and  is  20,300  feet  long.  The  second  section  begins  at  the 
end  of  the  first,  and  ends  3,800  feet  below  Harvey's  Canal,  and  is  6,540  feet  long.  The 
third  section  begins  at  the  end  of  the  second,  and  ends  at  De  Armas  street^  in  Algiers, 
and  is  13,600  feet  long.  Owing  to  the  interests  located  along  the  third  section,  it  needs 
improvement  much  more  than  other  sections,  but  the  work,  to  be  permanent,  must  soon 
be  carried  around  the  whole  bend.  In  accordance  with  your  order,  two  methods  of  im- 
provement have  been  worked  out  and  estimates  of  the  cost  of  each  made. 

FIBST  METHOD. 

This  is  the  same  that  is  being  put  down  in  Carrollton  Bend,  and  consists  of  a  contin- 
uous mattress  350  feet  wide,  ballasted  with  rock.  Data  obtained  from  the  Carrollton 
Bend  work  shows  that  it  will  cost  4.42  cents  per  square  foot.  There  are  two  objections 
to  this  method  of  improvement:  First,  the  difficulty  in  laying  a  continuous  mattress 
where  there  are  wharves  in  constant  use;  and,  second,  the  probability  that  the  mattress 
would  be  wrecked  by  the  sliding  down  of  wharves,  under  which  a  bank  of  silt  had  col- 
lected. 

8EOOND  METHOD. 

This  consists  of  a  system  of  dikes  built  out  at  right  angles  to  the  bank  and  from  600 
to  1,600  feet  apffft.    A  mattress  350  feet  by  100  feet  will  first  be  laid  and  then  a  dike  30 
feet  wide,  20  feet  high,  and  300  feet  long  will  be  laid  on  the  center  of  the  mattress, 
5908  EN 181 
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reaching  to  within  50  feet  of  the  deep-water  end  of  the  mattress.  The  dike  will  consist 
of  willow  brash  and  stone.  The  brash  will  be  woven  in  thicknesses  of  4  or  5  feet  and 
snnk  one  on  another  till  a  thickness  of  20  feet  is  reached.  In  this  bend  a  dike  20  feet 
high  will  carry  the  bank  out  horizontally  about  60  feet.  The  current,  passing  a  d  ike  and 
moving  in  a  line  tangent  to  the  curve  above,  will  strike  the  bank  again  in  about  750  feet, 
where  another  dike  would  have  to  be  constructed.  As  the  bend  is  somewhat  irregular, 
the  dikes  would  have  to  be  nearer  together  at  some  places  and  farther  apart  at  others. 

The  mattress  under  the  dike  would  cost,  at  4.42  cents  per  square  foot $1,547 

The  dike,  at  4.97  cents  per  cubic  loot,  would  cost.. _ _ 8,946 

Making  a  total  cost  of  mattress  and  dike 10,493 

I  have  estimated  stone  to  cost  $3  per  cubic  yard,  loose  measurement,  and  the  dike  to 
contain  5.1  pounds  of  stone,  weighed  in  water,  per  cubic  foot,  over  the  amount  necessary, 
to  overcome  the  buoyancy  of  the  brush.  This  weight  would  be  increased  by  the  sand 
and  sQt  which  would  collect. 

COST    OF  THE  IMPBOVSMENT. 
FIRST  SECTION. 

Length  of  section __ feet-      20,300 

Cost  to  protect  with  mattress $314,000 

Cost  to  protect  with  dikes,  750  feet  apart _ - 294,000 

SECOND  SECTION. 

Length  of  section 1-— feet-.        6,640 

Cost  to  protect  with  mattress - - $101,000 

Cost  to  protect  with  dikes,  1,635  feet  apart 42.000 

THIBD  SECTION. 

Length  ofsection feet..      13,600 

Cost  to  protect  with  mattress. .  _ v - $210,000 

Cost  to  protect  with  dikes,  750  feet  apart.  __ 189,000 

The  entire  third  section  is  a  caving  bank,  and  if  not  protected  it  will  in  time  cut  away 
Algiers,  and  change  the  whole  front  on  the  opposite  side  of  the  river. 
Respectfully  submitted. 

W.  G.  Pbice, 
United  States  Assistant  Engineer. 
Miy.  Amos  Stickney, 

Corps  of  Engineers,  U.  8.  A. 

The  following  is  a  financial  statement  of  the  different  works  in  my  charge: 
construction  and  bepaib  of  levees,  foubth  disteict. 


Allotted « 

Drawn ~ 

On  hand,  Assistant  Treasurer,  New  Orleans,  October  81, 1883.. 
Expended  to  October  31, 1883 


^**^gjf*J»y*Tcn8aa  front. 


$110,000  00 
100,000  00 


102,947  22 


8426,160  00 
126,160  00 
174,529  19 
251,630  81 


Balance,  December  1,  1882 _ $44,966  98 

Received  since _ 476,160  00 

521, 126  98 
Expended  to  October  31, 1883 349,545  01 

Balance  on  hand,  October  31, 1883 171,581.97 

Disbnrsements  since  December  1, 1882: 

Transportation 1,949  97 

Miscellaneous - 9,034  59 

Inspection  of  contract  work,  salaries _ $11,720  60 

Contract  work  on  levees  and  protection  daring  high  water 326, 839  95 

Total  since  December  1, 1882 349,545  01 
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SUEVEY  OP  UNLEVEED  FBONTS,   FOUlEtTH  DISTBICT. 

Allotted _ _.      $1,000  00 

Drawn  or  expended _ 

NATCHEZ  AND  VIDALIA. 

Transferred,  September  9, 1882 $7,529  09 

On  hand,  Assistant  Treasurer,  New  Orleans,  October  31,  1883 5, 331  42 

Expended  since  September  9,  1882 2,197  67 

Balance  December  1,1882 _- ._.        6,979  01 

Expended  since -•-_-   1,647  59 

Balance  October  31,  1883 5,331  42 

Disbarsements  since  December  1,  1882: 

Material _ _.  $12  60 

Transportation __ 45  09 

Rent  of  land - , 60  00 

Care  of  property. _  _   1, 540  00 

Total - -- - -- 1,647  59 

Fiist  cost  of  plant  at  this  work  is  not  known.     It  consists  of  4  flatboats,  tools,  farm- 
tare,  and  implements. 

MOUTH  OF  BED  BIVEB,  LOUISIANA. 

In  Treasury  Department,  September  30,  1882 _.    $76, 000  00 

Transferred,  September  30,  1882 8,153  94 

Drawn - 15,000  00 

In  hands  of  assistant  engineer _ .-  113  02 

Expended  since  September  30,  1882 37,883  46 

Balance  December  1,  1882 

Received  since _ $15,000  00 

Due  from  appropriation,  December  1, 1882 -.        7, 123  93 

Expended  since  December  1, 1882.__ 22, 605  59 

Balance  due  from  appropriation,  October  31,  1883 _ 14, 729  52 

Disbursements  since  December  1,1882: 

Survey  parties,  including  survey  for  Plaquemine  route™         6, 238  29 

Miscellaneous _ 1,878  88 

Dredging  operations,  including  hire  of  fleet 14, 488  42 

22, 605  59 

First  cost  of  plant  now  employed 

SUEVEY  OF  CUBITTS  GAP  AND  VICnTITY. 

Allotted $300  00 

Drawn ^ , 300  00 

Expended  to  October  31,  1883 137  14 

On  hand,  assistant  treasurer.  New  Orleans.. 162  86 

Disbursements  since  December  1, 1882: 

Drayage _ - _ $1  00 

Stationery 3  75 

Telegrams - 6  70     ' 

Material-.- 8  51 

Provisions 40  10 

Services. 77  08 

137  14 


2884   REPORT  OF  THE  CHIEF  OF  ENGINEERS,  U.  8.  ARMY. 

IMPBOVING  MISSISSIPPI  BIYEB— OBSEBYATIONS  AT  CABBOLLTON,   LOUISIANA. 

AUotment |3,000  00 

Drawn _ 3,000  00 

Expended _ 3,000  00 

Balance  December  1,  1882 3,000  00 

Expended  to  October  31,  1883— 3,000  00 

Disbursements  since  December  1,  1882: 

Telegram  __ _  $0  72 

Storage _.. _.- _ _.  6  00 

Stationery 10  93 

Lumber 12  39 

Coal- -  ..-  134  15 

Material - 187  63 

Transportation _ _.-  220  60 

Hire  of  launch ..,  300  00 

Services - 2,127  58 

3,000  00 

MISSISSIPPI  BIVEB  COMMISSION— OBSEBVATIOKS  AT  CABBOLLTON,   LOUISIANA. 

Allotted - $1,500  00 

Expended .-.. _ 1,444  61 

Balance  on  hand  October  31,  1883 - 55  39 

Disbursements  since  December  1,  1882: 

Telegrams $0  75 

Transportation 15  00 

Material _ 41  98 

Fuel- 72  65 

Service - -_ 1,314  33 

1,444  61 

CLOSING  BONNET  CABB]^  CBEVASSB. 

AUotted - $15,000  00 

Drawn 15,000  00 

Expended  since  December  1,  1882,  contract  work 15, 000  00 

HABBOB  AT  NEW  0BLEAN8,  LOUISIANA. 

In  Treasury  Department,  Washington,  July  1,  1882-__ $144,525  90 

On  hand,  Assistant  Treasurer,  New  Orleans,  July  1, 1882...        3, 267  91 

In  hands  of  Assistant  Engineer,  October  31,  1883 100  00 

$147, 893  81 

Expended  since  July  1,  1882 8,845  01 

Balance  on  hand  December  1, 1882 2,055  79 

Expended  since 7,632  89 

Balance  due  from  appropriation _.  5,577  10 

IMsbursements  since  December  1, 1882: 

Miscellaneous 606  97 

Material _ 453  88 

Surveys 145  14 

Senice  at  the  works 1,966  06 

Office  expenses,  &c 570  93 

Plant 3,989  91 

7,  632  89 

FiiBt  cost  of  plant  now  employed 30,610  31 

Very  respectfully,  your  obedient  servant, 

Amos  Stickney, 
McijcT  of  Engineers^  U.  8,  A. 
lient.  Col.  C.  B.  Comstogk, 

Corps  of  Engineers f  U.  8,  A,, 

President  Mississippi  Biver  Cbmmiwum. 
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APPENDIX  N, 

BSFOBT  OF  PBOFESSOBS  E.  W.  HILGABD  AND  F.  V.  HOPKINS  UPON  THE  EXAMINA- 
TION OF  SPECIMENS  FBOM  BOBINGS  ON  THE  MISSISSIPPI  BIVEB  BETWEEN  MEM- 
PHIS AND  VICKSBDBG. 

Bebkeley,  Cal.,  May  4, 1883. 

Deab  Sib:  I  transmit  herewith  a  detailed  report  and  discussion  of  the  examination 
made  by  Dr.  F.  Y.  Hopkins  and  myself  of  the  specimens  from  borings  made  in  1879  by 
Assistant  Engineer  E.  H.  Wilson,  under  the  auspices  of  the  Commission,  at  Memphis, 
Helena,  the  neighborhood  of  Choctaw  Bar,  Greenville,  Miss.,  and  in  the  refiches  near 
Lake  Providence,  Louisiana.  These  specimens  were  received  here  in  June,  1882;  but 
their  somewhat  laborious  microscopic  examination  was  not  completed  by  Dr.  Hopkins 
until  January,  1883,  when  I  found  it  necessary  to  request  the  transmission  of  two  other 
sets  supplemental  to  the  five  originally  selected  as  representative  ones,  for  the  settlement 
of  some  doubtful  points.  The  examination  of  these  suggested  the  need  of  still  further 
extension  of  scope,  which  was  accordingly  made.  The  research  has  now  reached  a  point 
where  its  further  prosecution  would  require  material  not  now  in  the  possession  of  the 
Commission,  and  the  results  elicited  are  sufficiently  definite  for  the  objects  had  in  view, 
as  expressed  in  your  communication  to  me  of  December  20,  1881.  The  age  and  mutual 
relations  of  the  formations  penetrated  have  been  determined  with  all  attainable  certainty; 
and  while  in  pai-t  unlooked  for,  the  results  agree  perfectly  with  our  investigations  here- 
tofore made,  and  complement  them  in  many  important  particulars. 

While  regretting  that  the  views  of  the  Commission  do  not  permit  of  the  engraving  and 
publication  of  the  new  forms  found  and  drawn  by  my  colaborer,  Dr.  Hopkins,  I  trust 
that  the  facts  here  presented  may  lead  in  the  future  to  a  more  thorough  and  exhaustive 
Investigation  of  this  interesting  subject. 

Very  respectfully,  your  obedient  servant, 

E.  W.   HlLOABD. 

First  Lieut,  Smith  S.  Leach,  \ 

Secretary  Mississippi  River  Commission. 


REPORT. 

UPLAND  BOBINOS. 

In  the  borings  made  in  the  uplands,  viz,  at  Memphis  (No.  ^)  and  Helena  (No.  2), 
while  the  results  have  corresponded  to  the  expectation  t)ased  upon  the  researches  of  Owen, 
SalTord.  and  myself,  respectively,  in  the  States  of  Arkansas,  Tennessee,  and  Mississippi, 
there  lias  been  added  important  confirmation  of  the  inferred  x>o6ition  and  succession  of 
strata.  The  remark  of  Mr.  Wilson  (p.  144  of  the  report  of  the  Commission  for  1881 )  that 
my  '^  study  of  the  northern  lignitic  formation  in  Mississippi  had  not  disclosed  any 
westerly  dip"  is  correct  so  far  as  my  report  of  1860  is  concerned,  but  subsequent  ob- 
servations showed  me  the  regular  disappearance  below  water-level  of  the  northern  lig- 
nitic strata  in  following  the  westward  course  of  the  Tallahatchee  and  Yockeney  Pata&, 
implying  a  westerly  dip  of  at  least  5  feet  x>er  mile  in  that  latitude.  Very  nearly  in  ac- 
cordance with  this  estimate,  the  characteristic  * '  Flatwoods  Clays, ' '  which  disappear  under 
the  sandy  strata  of  the ' '  Lagrange  Group ' '  of  Safford  at  a  point  75  miles  east  of  Memphis, 
are  struck  at  Memphis  at  the  depth  of  168.5  feet,  and  are  here  over  100  feet  in  thickness. 
The  clay  is  overlaid  by  the  equally  well  characterized  materials  of  the  Lagrange  Group, 
on  which  rests  a  thick  deposit  of  ^'orange  sand''  in  its  most  characteristic  features;  that 
is  in  its  turn  capped  by  the  loess  or  bluff  materials,  which  here,  however,  have  the  some- 
what abnormal  composition  which  I  have  designated  as  **  marginal  loess. ''  All  of  these 
data  are  in  entire  accord  with  what  has  been  observed  inland. 

At  the  Helena  Bluff  boring  we  have  the  highly  characteristic  loess  material  of  great 
thickness,  underlaid  by  only  a  thin  band  of  orange  sand,  whose  variation  in  thickness, 
here  as  elsewhere,  is  one  of  its  prominent  features,  it  having  been  instrumental  in  the 
excavation  of  channels  and  erosion  of  the  surfaces  upon  which  it  has  been  deposited. 
Beneath  it,  and  but  a  few  feet  below  high- water  level,  appears  the  tertiary  marl,  with 
the  same  type  of  fossils  as  that  found  by  Owen  inland  from  Helena,  cropping  out  in  the 
bluffs  of  the  streams. 

It  may  be  necessary  here  to  express  my  dissent  from  the  conclusions  of  Mr.  Wilson  in 
r^ard  to  the  causes  of  the  sraallness  of  the  fossils  brought  up  by  the  auger  in  his  bor- 
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ings,  which  he  inclines  to  consider  as  the  result  of  imperfect  development  in  oonseqnenoe 
of  the  influx  of  fresh  water.  At  the  early  time  at  which  these,  the  equivalents  of  the 
Claihome  heds  of  Alabama,  were  formed,  the  continental  drainage  had  its  mouth  above 
Cairo,  and  the  Mississippi  of  to-day  had  not  yet  become  the  one  great  outlet,  the  Mis- 
souri having  no  existence.  A  gradual  upheaval,  prevalently  from  the  eastward,  was 
shallowing  a  part  of  the  great  Mississippi  embayment,  so  as  to  convert  its  margin  into 
swamps,  intersected  by  occasional  estuaries.  Such  continued  to  be  the  state  of  things  to 
middle  tertiary  times  over  much  of  the  States  of  Mississippi  and  Louisiana.  Yet  we 
find  in  the  intercalated  marl  the  largest  and  finest  fossils ;  moreover,  as  a  matter  of  fact* 
there  are  fragments  of  large  fossils  in  several  instances — e.  </.,  Venericardia  planiconta, 
AUetha  Tawnct/ij  Monoccros  vetustus,  and  others.  As  a  rule  such  large  fossils  would  be 
driven  out  of  the  way  by  the  pipe  in  its  descent,  or  ground  to  fragments.  The  smaller, 
and  especially  those  combining  hardness  with  smalln^,  would  be  the  ones  that  the 
auger  would  leave  comparatively  uninjured,  such  aa  pleurotomasj  naticaSy  dtc. 

Such  OS  they  are,  however,  these  fossils  dverwhelmingly  demonstrate  the  close  corre- 
spondence of  the  beds  penetrated  at  Helena  and  Choctaw  Bar  (whose  fades  is  altogether 
identical)  with  the  lower  portion  of  the  Claiborne  beds  of  Alabama;  perhaps  most  nearly 
with  those  older  ones,  which  Dr.  Eugene  A.  Smith,  State  geologist  of  Alabama,  has  lately 
examined  at  and  near  Wood's  Bluff,  Alabama,  and  which  rest  directly  upon  the  oldest  lig- 
nitic  and  flatwoods  clays.  This  is  obviously  the  position  of  the  Helena  marl  bed,  since 
he  clays  found  in  the  bottom  boring.  No.  1,  at  162.3  feet  and  lower,  are  absolutely  in- 
distinguishable from  those  of  the  Memphis  boring.  These  facts  agree  again  with  the 
fact  that,  since  the  strike  of  the  Claiborne  strata  observed  in  Mississippi  is  about  west- 
northwest  Tnot  due  west,  as  inferred  by  Mr.  Wilson  from  the  older  geological  map  of 
Mississippi),  their  dip  must  be  correspondingly  a  south-southwesterly  one,  from  Mem- 
phis toward  Helena. 

The  difference  of  nearly  150  feet  between  the  levels  at  which  the  tertiary  strata  have 
been  reached  in  the  bluff  and  in  the  bottom  boring  at  Helena,  not  quite  two  miles  apart, 
affords  a  measure  of  the  energy  of  the  erosion  effected  by  the  gravel-chaiged  floods  of 
the  quaternary  epoch. 

\  BOTTOM  B0BINQ8. 

In  all  the  deeper  bottom  borings,  save  one  (viz:  No.  2,  Lake  Providence),  three  dis- 
tinct formations  have  been  penetrated,  viz,  the  river  alluvium  or  its  equivalents  in  time, 
the  equivalents  of  the  Port  Hudson  beds,  and  the  eocene  tertixu*y  strata. 

Much  speculation  has  been  indulged  in  heretofore  as  to  the  average  depth  of  the  allu- 
vial deposits  of  the  Mississippi,  and  the  results  of  my  observations  in  the  Delta,  which 
seemed  to  indicate  that  the  deposits  of  the  modem  river  are  comparatively  shallow  even 
there,  have  been  repeatedly  called  in  question.  The  present  investigation  throws  much 
light  on  this  subject,  and  likewise  rectifies  the  interpretation  of  the  age  of  the  *' bottom 
gravel, ''  which  has  long  been  known  to  underlie  the  great  bottom,  but  was  by  myself 
conjectured  to  be,  in  the  main,  the  representative  of  the  **  orange  sand"  of  the  uplands. 
Mr.  Wilson  correctly  concludes,  from  the  constant  occurrence  through  these  gravels  of 
lignite  grains  or  ''wash,''  that  they  are  not  an  equivalent  of  the  orange  sand,  which  is 
always  singularly  free  lirom  any  oxidizable  matter.  The  microscopic  examination  coi^ 
roborates  the  importance  of  the  lignite  grains,  and  associates  them  with  grains  of  came- 
liEm,  and  clear  quartz  spotted  with  camelian  as  characteristics  of  the  Port  Hudson  strata, 
to  which  group  the  great  beds  of  gravelly  sand  with  the  overlying  finer  sands  are 
accordingly  referred.  On  the  other  hand  the  same  examination  shows  the  vegetable 
remains  in  the  alluvium  to  be  merely  macerated,  or  slightly  carbonized,  detecting  no 
other  fossils  at  all. 

It  is  not  altogether  easy  to  sec  why  this  should  be  so,  and  why  a  few  remains  of  root- 
lets or  wood  filers,  and  rarely  even  these,  should  be  all  that  remain  of  the  multitude  of 
objects  that  the  great  river  has  an  opportunity  of  carrying  off  in  its  long  course,  especially 
at  high  stages  of  water.  The  only  reasonable  explanation  seems  to  be  that  the  triturat- 
ing effect  of  the  sharp  sand,  with  the  rapid  eddying  motion  of  the  river,  tends  to  destroy, 
by  mechanical  attrition,  all  but  the  toughest  material  and  such  large  ioasils  as  logs.  It 
cannot  but  be  presumed  that  in  the  back  or  slack-water  deposits  of  to-day  some  of  the 
many  organisms  of  the  cypre»s  swamps  must  be  preserved;  but  no  such  material  has  come 
under  our  examination.  On  the  whole,  a  person  habitually  familiar  with  the  deposits  of 
the  river  will  rarely  fail  to  recognize  them.  Moreover,  they  are  all,  even  to  the  sand-bars, 
characterized  by  a  very  frequent  alternation  of  materials,  due  to  the  alternate  influx  of 
deposits  from  different  sources  at  different  seasons  of  the  sivmc  year,  so  that  a  close  observer 
may  in  many  cases  identify  the  materials  deposited  by  floods  derived  from  different  rivers, 
such  as  the  Arkansas  on  the  one  hand,  and  the  Red  River  on  the  other.  On  the  whole, 
as  great  a  thicknes  as  20,  or  even  15  feet,  of  uniform  and  unquestionably  alluvial  de- 
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posits  of  to-day  will  rarely  be  seen,  even  10  feet  being  unusual,  and  from  a  few  inches 
to  2  or  3  feet  the  most  common  range. 

From  this  point  of  view,  the  great  sand  bed  of  boring  No.  1,  at  Helena,  as  well  as  those 
lying  beneath  the  unquestioned  alluvium  in  the  Choctaw  Bar  borings,  and  in  No.  1  of 
Lake  Providence  reaches  (Mayersville),  presented  a  doubtful  point,  these  sands  being  re- 
markably uniform  in  their  nature  and  appearance,  not  only  at  different  depths  in  the  same 
locality,  but  even  on  comparison  of  those  from  different  borings.  The  fact  that  in  all 
these  ciises  the  massive  sand-beds  show  both  the  lignite  grains  and  those  of  quartz  spot- 
ted with  camelian,  which  they  have  in  common,  not  only  with  each  other,  but  with  the 
typical  **  buckshot  clay  "  of  known  Port  Hudson  age,  of  which  an  authentic  sample  was 
fortunately  in  my  possession,*  is  sufficient,  in  the  absence  of  fossils,  to  cause  them  all 
to  be  referred  to  the  Port  Hudson  epoch.  It  is  a  curious  fact  that  this  buckshot  clay, 
which  is  so  abundant  in  the  back  lands  of  the  bottom,  happened  not  to  form  the  surface 
at  any  point  where  borings  were  made,  unless  it  be  at  Greenville.  Stiff  clay  soils  were 
in  several  cases  found  at  the  sur&ce,  but  these  were  underlaid  by  the  undoubted  river 
alluvium. 

The  Qreenville  boring  is  unique,  in  that  it  was  made  at  a  point  in  the  bottom  appar- 
ently above  high-water  mark,  and  that  coincident  with  this  the  red  and  spotted  quartz 
grains  with  lignite  were  found  in  the  sand  within  a  few  feet  of  the  sur&ce.  No  micro- 
scopic organisms  were  found  in  the  surface  soil,  but  even  that  is  unlike  the  river  allu- 
vium. In  other  words,  it  seems  as  if  at  Greenville  the  older  (Port  Hudson)  materiids 
were,  at  the  surface  near  the  laver  bank,  as  some  distance  back  they  are  on  the  "buck- 
shot" lands,  uncovered  by  any  alluvium.  The  local  elevation  of  Greenville  would  be 
analogous  to  the  "Dogwood  Ridge ''  shown  on  the  map  of  the  Mississippi  alluvial  region 
in  Humphreys  and  Abbot's  report,  as  the  only  land  above  overflow  in  the  Yazoo  bot- 
tom. 

Finally,  the  deepest  boring  of  the  whole  series,  No.  2  of  Lake  Providence,  is  unique 
in  that,  despite  of  its  great  depth  (248  feet),  it  has  failed  to  reach  the  tertiary  beds.  Mr. 
Wilson  was  misled  by  the  close  resemblance  of  the  clays  at  131.5  feet  and  below,  and 
also  by  the  overlying  lignite,  into  the  belief  that  the  rest  of  the  boring  was  in  tertiary 
materials,  which  conclusion  was  made  more  plausible  by  the  occurrence  of  calcareous 
nodules  and  materials  resembling  greatly  the  tertiary  marls.  The  microscopic  exami- 
nation, however,  leaves  no  doubt  of  the  fresh  water  and  "  Port  Hudson"  character  of  the 
entire  boring  from  at  most  42.9  feet  down.  In  this  latitude,  moreover,  the  outcrops  of 
similar  materials  in  the  Yazoo  bottom  render  the  identification,  even  to  the  naked  eye, 
altogether  complete.  How  much  deeper  the  trough  was  excavated  into  the  tertiary  at 
this  point  is  open  to  conjecture;  but  the  occurrence  of  the  tertiary  marl  at  110  feet  in 
boring  No.  3  (at  Hay's  Landing),  6  miles  southeast  from  Lake  Providence,  shows  that 
the  deep  trough  was  not  continued  in  that  direction,  but  more  probably  in  a  southwest- 
erly course.  In  this  connection  it  should  not  be  forgotten  that,  as  I  have  shown,*  the 
great  drift  current  bore,  not  in  the  direction  of  the  present  mouths  of  the  Mississippi, 
but  toward  Vermilion  Bay.  This,  therefore,  is  the  direction  in  which  we  would  expect 
to  find  the  deepest  excavations  in  the  tertiary  materials. 

As  regards  the  comparative  age  of  the  marine  tertiary  beds  at  Lake  Providence  (or 
rather  Hays'  Landing)  and  Choctaw  Bar  or  Helena,  the  larger  as  well  as  the  microscopic 
fossils  tend  to  show  that  while  the  beds  reached  at  the  first- named  locality  have  a  some- 
what different  fades  from  those  above,  yet  the  horizon  of  the  next  higher  group,  the 
"  Jackson,"  had  not  ))een  reached.  Now  it  is  known  that  southeast  of  Hays'  Jjanding 
on  the  Yazoo  River,  near  Haines's  Bluff,  the  Jackson  strata  begin  to  disappear  beneath  the 
water  level,  being  there  overlaid  by  a  lignitic  bed  of  variable  thickness,  which  in  its 
turn,  at  the  Vicksburg  bluff,  is  capped  by  the  "  Vicksburg ' '  series.  The  dip  of  the  ter- 
tiary being  here  very  little  west  of  south,  it  follows  that  at  Hays's  Landing  the  strata 
struck  at  110.7  feet  must  belong  to  a  group  considerably  below  the  Jackson  beds;  which 
is  in  effect  what  the  fossils  found  also  indicate.  In  other  words,  the  bed  belongs  to  the 
higher  portion  of  the  Claiborne  group,  and,  according  to  the  rate  of  dip  observed  at  Vicks- 
burg, the  Jackson  beds  would  not  be  reached  in  a  ^ring  of  that  depth  until  about  the 
latitude  of  Warrenton,  south  of  Vicksburg. 

The  general  conclusions  reached  &9  regards  the  geological  history  and  structure  of  the 
great  bottom  within  the  limits  of  the  borings  in  question  are  therefore  these:  A  trough 
whose  depth  exceeds  at  one  point  248  feet  below  high-water  mark  hais  been  excavated 
into  the  tertiary  beds  originally  filling  it  probably  to  a  height  considerably  above  that 
mark.f  This  trough  has  subsequently  been  filled  up  to  above  present  high-water  mark 
with  deposits  dating,  in  their  present  position,  from  the  period  of  gradual  depression  fol- 
lowing the  deposition  of  the  orange  sand,  and  during  which  the  orange-sand  materials 
were  eroded  and  redeposited  in  the  trough,  or  similar  materials  were  brought  de  novo 

*  For  geological  details  regarding  this  clay,  refer  to  Dr.  E.  A.  Smith's  pap^r  on  the  Geology  of  the 
MiMiasippi  Bottom,  Prooeedlngs  A.  A.  A.  8.,  1871,  p.  253. 


2888   REPORT  OF  THE  CHIEF  OF  ENGINEERS,  U.  S.  ARMY. 

from  Borthem  regions.  The  gravel  and  coarser  sand  were  of  coarse  left  in  the  more 
northerly  portion  of  the  trough,  while  in  the  southerly  one  the  comparatively  slack 
water  produced  deposits  of  sandy  loams,  fine  silt,  and  * '  buckshot ' '  clay.  As  the  depres- 
sion increased  and  the  slack- water  advanced  up  the  valley,  finer  matenals,  like  the  sands 
overlying  the  gravels,  were  deposited,  and  finally  the  loess  and  yellow  loam  now  cover- 
ing the  uplands.  Upon  re-elevation  the  loam  and  loess  in  the  middle  portion  of  the 
trough  were  washed  away;  bat  when  the  resistent  buckshot  clays  were  reached  erosion 
concentrated  upon  the  lines  of  least  resistance,  and  the  river  of  to-day  was  formed.  The 
great  alluvial  ridge  in  the  axis  of  the  valley  shows  that  while  the  river  has  shifted  its 
channel  by  the  formation  and  cutting  off  of  bends,  its  general  location  has  roughly  re- 
mained the  same.  AVliere  the  river  has  washed  away  the  ancient  deposits  it  has  left  its 
alluvium  overlying  such  as  remained ;  but  while  at  many  points  the  alluvium  filling  old 
river-beds  must,  of  course,  be  of  corresponding  thickness,  viz,  from  70  to  100  feet,  or  per- 
haps more,  alluvium  of  such  thickness  has  been  struck  only  in  boring  No.  5,  Choctaw 
Bar,  viz,  68.2  feet;  the  maximum  thickness  found  elsewhere  being  (in  the  case  of  the 
Hays'  Landing  or  Lake  Providence  No.  3  boring)  56.8  feet,  and  mostly  between  25  and 
40  feet.  This  is  in  accord  with  the  similarly  shallow  depths  at  which  the  alluvium  was 
found  to  terminate  in  the  lower  delta. 

It  would  be  extremely  desirable  to  verify  these  conclusions  by  the  comparative  exam- 
ination of  samples  carefully  taken,  both  of  various  kinds  of  modem  alluvium,  and  of 
various  materials  of  the  noted  out-crops  of  the  Port  Hudson  group.  This  would  be 
especially  interesting  in  connection  with  borings  made  at  points  farther  south  in  the 
great  valley  itself. 

PBEFATOBY  LETTER  BY  DB.  F.  V.  HOPKINS. 

San  Fbancisco,  Cal.,  May  1,  1883. 
Prof.  E.  W.  HiLOABD,  Fh,  D.  : 

Deab  Sib:  The  microscopic  examination  of  the  specimens  submitted  to  me  by  you 
has  now  been  carried  as  far  as  the  objects  had  in  view  by  the  Mississippi  River  Com- 
mission will  warrant.  In  fact,  it  has  been  carried  much  fiirther,  for  under  the  impression 
that  what  was  desired  was  a  full  account  of  their  fossil  contents,  sach  as  I  had  the  pleas- 
uro  of  preparing  for  yoa  in  the  case  of  the  Lake  Borgne  borings  in  1874,  I  figured  care- 
ftilly  every  organism  observed.  The  tertiary  marls  proved  to  be  very  rich  in  foraminif- 
era,  almost  all  of  undescribed  species,  and  one  or  two  new  genera  may  have  to  be  created 
in  order  to  describe  them  fully.  This  work,  aft«r  having  occupied  my  time  for  months, 
unfortunately  proves  to  be  of  little  avail,  the  Commission  having  decided  at  their  meet- 
ing in  Januazy  last  to  publish  no  plates  with  this  report. 

Under  these  circumstances  I  have  done  what  I  could  to  compare  my  specimens  with 
those  already  described,  and  have  prepared  lists  of  names,  indicating  the  figures  in  the 
works  of  others  that  most  strongly  resemble  the  fossils  observed.  These  names  appear 
in  the  following  tables,  and  will  no  doubt  aid  in  the  determination  of  the  geological  posi- 
tion of  the  strata  through  which  the  borings  have  passed.  It  is  to  be  hoped  that  they 
may  attract  the  attention  of  naturalists  to  a  rich  and  as  yet  unworked  field  for  scientific 
research. 

The  specimens  wero  prepared  for  examination  by  shaking,  or  in  the  case  of  clays  by 
boiling,  with  about  4  inches  of  water  in  a  6-inch  test-tube  until  the  grains  were  well 
separated.  After  settling,  first  for  25  seconds,  the  water  containing  the  finer  portion  was 
decanted  into  another  tube,  and  a  fresh  supply  poured  in.  This  process  was  repeated 
four  times,  the  settling  being  5  seconds  shorter  each  time.  The  remaining  portion  and 
the  separate  deposits  in  the  tubes  were  then  examined  carefully  under  a  microscope, 
with  powers  varying  from  70  to  1,400  diameters.  The  results  are  set  forth  in  the  follow- 
ing tables. 

Yours,  very  truly, 

F.  V.  Hopkins. 

*  Smithsonian  Contnbutions  to  Science,  No.  248;  also,  Proceedings  A.  A.  A.  S.,  1871,  p.  230,  ff. 

t  The  height  at  which  we  find  the  tertiary  beds  at  this  time  on  the  bordering  bluff's  is  probably 
not  a  fair  measure  of  the  amount  of  erosion,  since  the  axis  of  the  Mississippi  embayment  was  un- 
doubtedly a  trough  lower  than  its  border. 
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Record  of  examination  of  specimens  of  borings. 

[Miorosoopic  character  by  Dr.  P.  V .  Hopkins :  larger  organisms  and  final  determination  of  the  strata 

byPro^.B.W.Hilgard.] 

BORING  NO.  2,  MEMPHIS,  TENN.  (ON  BLUFF). 


Description  of  speci- 
mens. 

Depth. 

Quarts. 

Tour^ 
maline 

table 
matter. 

Mica. 

f^. 

Small 
fossils. 

LOESS. 

Yellow  silt,  non-calca- 
reous. 

OBAVOB  SAKD. 

Orange  yellow,  coarse 

sand. 
Blue  clay,  with  yellow 

streaks. 
Yellowish  sand 

Feet. 
1       to   47 

47     to  55.9 
65.9  to  60.6 
60.6 to   63 
68     to  93.9 

98.9 to   99.8 
99.8  to  117 

117. 6  to  132. 2 

132.2  to  132.5 

132. 5  to  133. 4 
133. 4  to  134.1 
134.1  to  139.8 

189.8  to  150 
150     to  154.6 

164     to  167 

167     to  168.5 

168.6  to  275.1 

Small  rounded  and 
clear. 

Variegated  with 
pebbles. 

Small,   clear,  and 
rounded. 

Clear,  mixed  with 
chert  and  jasper. 

Sharp  and  round- 
ed, clear,  white, 
yellow,  red,  and 
black. 

Variegated 

None- 

None .. 
....do.... 
....do.... 
...do.... 

....do.... 

AlitUe. 

None .. 
....do..... 
....do..... 
....do..... 

....do..... 
....do.... 

.....do.... 

....do.... 
....do.... 
....do.... 
....do.... 

(i) 
....do.... 

None. 

....do.... 

(1) 

None.. 

None. 
....do.... 
....do.... 
A  little. 

....do.... 
....do.... 

....do.... 

....do.... 
....do.... 
....do.... 

a) 

None. 
....do.... 

None. 

...do.... 
....do.... 

None. 

(•) 

None.. 

....do.... 

(t) 

None .. 
(t) 

(t) 

None. 
....do.... 
....do.... 
....do.... 

None. 
....do.... 

None. 

....do.... 
....do.... 

None. 

None. 
Do. 
Do. 

Coarse  sand  with 
gravel. 

Orange-colored  sand... 
Orange-colored  sand, 

gravelly. 
Orange-colored  sand. 

Do. 
Do. 

do 

....do.... 

Do. 

do 

....do.... 

Do. 

lower  part  cement- 
ed by  iron  into  a 
conglomerate. 

Coarse  yellowishsand! 
Whitlali  clay 

Fine  and  clear 

....do.... 

Do. 

Variegated 

....do.... 

Do. 

Fine  and  clear 

....do.... 

Do. 

Coarse  yellowishsand. 

NOBTHEBN    UONITIC 

Lagrange  Group. 

Gritty   cUiy,  yellow- 
ish, passing  into 
bluish  gray. 

Gray  sand 

SUIT  blue  clay.. 

....do.... 

Do. 

Clear,  small,  and 
rounded. 

Rounded    and 
sharp,    clear, 
some  white  and 
yellow; 

Very  small,  clear, 
and  round. 

Clear  and  round 

Fine  and  clear 

None.. 
....do.... 

None. 

....do.... 
....do.... 

None. 
Do. 

None. 

Grayish  sand 

Do. 

Stilrblue  clay 

Do. 

•  Casts  ofpalsBozoic  in  pebbles,    f  Casts  in  pebbles.    tAgooddeal.    2  Lignite  grains  and  larger  pieces 

I  Lignite  grains. 

Notes  ok  Memphis  Section,  Bobings  Nos.  1  and  2. 

(£.  W.  Hnx^ABD.) 

The  loesB  specimens  within  the  first  47.2  feet  agree  entirely  with  the  nsnal  character 
of  this  deposit  in  the  northerly  region.  It  is  mnch  less  calcareous  than  farther  south, 
and  snails,  as  well  as  concretions  of  calcic  carbonate,  occur  only  in  streaks,  sporadically. 
The  upper  10  feet  are  properly  a  subsoil  layer  belonging  to  the  **yellow*loam"  divis- 
ion, wMch  in  the  interior  is  directly  superimposed  upon  the  orange  sand  or  stratified 
drift. 

The  latter  presents  here  a  most  characteristic  section,  embracing  a  series  of  all  its 
characteristic  materials,  even  to  the  ferruginous  conglomerate  of  coarse  sandstone,  which 
here,  as  elsewhere,  marks  the  approach  to  an  impervious  or  clayey  layer.  The  lowest 
portion  of  the  loess  also  shows  for  a  few  feet  a  change  toward  a  sandy  hardpan,  which 
usually  forms  a  transition  to  the  orange  sand  proper;  and  at  the  base  of  the  latter  the 
increase  of  sharp  sand-grains,  as  against  the  rounded  and  rust-incrusted  ones,  heralds 
the  approach  of  the  tertiary  sands  that  commonly  form  the  upper  portion  of  the  ''La- 
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grange  groupe ''  in  Tennessee.  The  great  clay  bed  with  occasional  streaks  of  gray  sand 
is  the  exact  counterpart  of  sections  obtained  in  bored  wells  in  the  '*  Flatwood  belt ''  in 
Mississippi,  including  the  variation  in  sandiness  that  is  so  apparent  between  230  and 
245  feet  of  the  section.  As  these  clays  immediately  overlie  the  highest  cretaceous  of  the 
southwestern  States,  it  is  probable  that  between  100  and  200  feet  lower  down  the  cre- 
taceous limestone  would  have  been  reached  after  passing  through  a  zone  of  estuarian 
deposits  with  silicified  marine  fossils.  The  dark-colored  conceretions  found  at  184.7  and 
204  feet  are  mostly  of  bird-shot  size,  and  consist  of  sand-^j^rains  cemented  by  brown  iron 
ore,  evidently  a  pseudomorph  after  iron  pyrites.  They  are  therefore  not  calcareous,  as 
stated  in  the  record  of  borings;  nor  does  the  material  inclosing  them  show  any  signs  of 
effervescence.  Had  it  been  otherwise,  the  fact  would  have  b^n  of  especial  interest,  as 
indicating  the  approach  of  oldest  marine  tertiary  strata  found  at  some  points  in  Mi^is- 
sippi  and  Alabama. 

Boring  No.  3  manifestly  agrees  in  all  prominent  points  with  the  sections  obtained  in 
the  bottom  borings  at  Helena,  Choctaw  Bar,  and  Lake  Providence;  viz:  %he  tertiary 
strata  are  overlaid  first  by  a  heavy  deposit  of  gravel  and  gravelly  sand,  ihis  by  finer 
sand,  and  this  finally  by  the  obviously  alluvial  layers. 
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NOTXS  ON  THE  HELENA  SECTION. 
(E.  W.  HiLQABD.) 
BOEINa  NO.  2  (on  BLUFF). 

The  first  139.7  feet  of  this  section  is  highly  typical  loess,  with  land  snails  (ffelix  dlbo- 
labris)  and  loess  pnpx>et8  or  calcareous  concretions  of  the  silty  mass.  It  differs  quite  ol>- 
viously  from  the  yellowish  and  much  more  clayey  material  of  the  Memphis  bluff  and  the 
marginal  region  of  the  loess  in  Tennessee  and  north  Mississippi  generally,  which  may 
properly  be  distinguished  as  "marginal  loess." 

The  materials  found  fix>m  139.7  to  158  feet,  though  non-effervescent,  seem  most  closely 
related  to  the  loess,  and,  with  the  underlying  siliceous  clays,  seem  to  correspond  to  the 
transition  strata  between  the  loess  and  orange  sand  obser\'ed  at  Vicksburg  and  Grand 
Gulf,  Miss. 

The  x>ebble  bed  at  167. 8  to  171. 3 doubtless  represents  the  orange  sand  pebble  bed,  which 
has  been  found  of  such  very  variable  thickness  by  Mr.  Wilson  in  this  very  locality,  and 
shows  the  same  variability  almost  everywhere  else. 

The  fossiliferous  clay  and  marl  bed,  171.3  to  231.3,  with  its  intercalated  layer  of  bluish 
impure  limestone,  is  very  distinctly  characterized  as  tertiary,  of  the  (marine)  Claiborne 
Group  by  the  well-preserved  si>ecimens  of  the  following  shells:  Monoceros  vctustas  Lea, 
Actseon  lineatus  Lea,  Nucala  magna  Lea,  Dcnialium  turritum  Lea,  or  microatriatum  Heiler, 
Natica  minima  Lea,  N,  magna-umbilicata  Lea,  Plcurotoma  Lonsdalii  Lea;  there  is  besides 
an  undescribed  Plcurotoma,  Flabellumy  and  Retepora.  The  abundance  of  microscopic  or-  . 
gamsms  shovni  by  Dr.  Hopkins's  record  is  very  remarkable. 

boring  no.  1  (in  bottom). 

This  boring  begins  at  a  level  about  138  feet  lower  than  No.  2,  and  reaches  to  a  depth 
greater  by  116  feet.  After  penetrating  27  feet  of  unquestionable  alluvium,  it  penetrates 
first  56.4  feet  of  very  fine  and  uniform  sand,  which  then  becomes  coarser  and  slightly 
gravelly  through  the  succeeding  29  feet,  making  85.4  feet  of  sand.  The  materials  then 
become  gravelly  and  pebbly,  and  so  continue  with  variations  to  162.3  feet,  making  in  all 
131.3  feet  of  sandy  and  gravelly  materials,  the  physical  composition  of  which  shows  them 
to  belong  to  one  and  the  same  epoch.  Then  follow  strata  of  solid  clays,  void  of  marine 
fossils,  but  agreeing  in  every  character  with  the  *' northern  lignitic"  clays  pcpaetratcd  in 
the  Memphis  boring  at  the  lower  depths.  Helena  boring  No.  1  has  therefore  passed  be- 
yond the  limits  of  the  marine  Claiborne  strata  found  in  boring  No.  2,  reaching  the  oldest 
underlying  tertiary  at  the  lowest  level  at  which  it  has  been  found  in  the  borings  under 
consideration,  viz,  162.3  feet  below  the  high- water  reference  level.  The  ready  disinte- 
gration of  the  calcareous  marls  has  allowed  the  ancient  floods,  charged  with  gravel,  to 
wear  them  avray  dovm  to  their  tough  floor  clays;  the  latter,  contrary  to  the  statement  ot 
the  boring  record,  show  no  signs  of  calcareous  matter. 
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NoTBS  ON  Choctaw  Bar  Borings. 

(B.  W.  HXXiOARD.) 

In  the  profile  of  No.  2  we  have  down  to  50.5  feet  materials  snch  aa  are  corrently  de> 
posited  by  the  riyer  at  the  present  time;  a  clayey  soil  above,  snch  as  is  formed  in  sladc 
water;  from  1.2  to  23.6  feet,  the  river  silt,  not  easily  mistaken;  thence  to  50.3  feet  an 
originally  blnish,  now  brownish  loam,  such  as  the  river  forms  when  silting  npold  bends, 
and  which  can  be  observed  where  such  deposits  are  again  cut  away;  all  without  fossils. 

Then  comes  first  a  bed  of  fine  sand,  37  feet  in  thickness,  then  a  thin  sheet  of  blue  clay 
and  beneath  it  coarser  sands  and  gravel,  continuing  down  to  121.3  feet.  The  consider- 
able thickness  and  uniformity  of  the  materials  of  this  bed  seem  to  point  to  the  action 
in  its  formation  of  a  mightier  body  of  water  than  the  present  river.  The  frequent  oc- 
cuiTence  of  camelian  and  reddish  quartz  grains  also  seems  to  distinguish  these  older 
sands  from  the  deposits  of  the  present  period,  in  which,  on  the  other  hand,  mica  is 
usually  abundant.  Of  course  these  difierences  cannot  be  absolute,  but  only  of  degree, 
since  the  older  materials  are  constantly  being  used  in  the  formation  of  modem  deposits. 
On  the  other  hand,  the  almost  constant  presence  of  lignite  grains  serves  to  distinguish 
the  gravel  deposits  of  the  bottom  from  the  orange  sand  of  the  uplands,  ^hich  is  pecu- 
liarly destitute  of  any  organic  or  oxidizable  materials. 

No  doubt  is  left  about  the  indentity  of  the  marine  Claiborne  beds  by  the  fossils,  of 
which  boring  No.  2  has  been  more  prolific  than  any  other  of  the  set.  Apart  from  the 
Abundant  microscopic  fiiuna  shown  in  Dr.  Hopkins's  record,  the  following  larger  fossils 
were  identified: 

OtoliteSy  abundant;  Venericardia  planicosta  V.  rotunda  Lea ;  V.  transversa  Lea;  Otfr- 
InUa  Murchiaona  Lea,  C.  ffibhow  Lea,  C.  compressa  Lea,  Lucina papyracea  Lea?  fra^pnent  of 
a  TeUina^  and  several  of  a  triangularly  ribbied  Cardium  ;  Dentalium  turrtum.  Con.,  or  D.  mi- 
crosiriatum  Heilpr,  Natica  minimo  Lea,  N.  magno-umbilicaia  Lea,  all  abundant.  Orbis  rotella 
Lea,  Pleurotoma  Lonsdaliiy  PI.  ChUdreniy  PL  Beauemantii,  all  of  Lea,  and  two  other  species. 
Fusus pagoda  Heilpr.,  F.  magnoeostaius  Heilpr.,  and  two  other  species.  Two  species  of 
Pyruola,  represented  only  by  the  spire;  TurriteUa  plebeiaSaj,  21  Moriani  Con.,  a  prettily 
sculptured Picdnum,  Actaeonlineatus,  Lea;  Atletha  Iktofneyi  Con  ;a  Oancellaria  not  described 
by  Lea;  fragments  of  a  Mitra,  Oliva  Gracilis  Lea;  a  badly  worn  spire  of  Monoceros  vetustus 
Lea. 

The  other  borings  from  the  neighborhood  of  Choctaw  Bar  correspond  closely  to  No.  2, 
except  in  that  the  thickness  of  the  alluvial  layer,  as  well  as  that  of  the  underlying  sand, 
varies  from  place  to  place.  In  No.  5  the  alluvium  is  thickest,  being  67  feet  The  sur- 
face of  the  tertiary  seems  to  show  a  trough  excavated  to  40  feet  below  its  highest  point, 
cutting  squarely  across  the  two  bends  (&m  No.  3  to  No.  2),  as  though  indicating  for  a 
distance  of  5  miles  the  direction  of  the  ancient  eroding  current. 
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2898      REPORT   OF   THE   CHIEF   OF   ENGINEERS,  U.  8.  ARMY. 
Notes  on  Gbeenyille  SsonoN. 

(B.  W.  HiLOABD.) 

The  GTeenyille  section  is  somewhat  nnique  hoth  in  its  collocation  and  in  the  materials 
penetrated.  The  spot  chosen  lies  above  high-water  mark;  and  although  the  material, 
penetrated  down  to  the  depth  of  22.8  feet,  might  from  its  appearance  be  token  to  be  alia- 
Tinm;  yet  the  fact  that  above  10  feet  the  silts  resemble  in  color  the  transition  beds  be- 
tween tihe  loess  and  Port  Hudson  strata,  while  below  that  level  lignite  grains  and  car- 
nelian-spotted  quartz  grains  areabundant,  seems  to  justify  the  conclusion  that  no  alluvium 
at  all  has  been  penetrated  here,  and  that  older  material  lies  at  or  near  the  snr&oe. 

This  is  the  more  credible  as  the  tertiary  strata  are  also  here  found  at  an  unusnallj 
shallow  depth,  the  least  at  which  they  have  been  struck  in  any  of  the  borings,  viz,  90 
feet.  There  seems,  therefore,  to  exist  here  a  ridge  analogous  to  the  "  I>ogwood  Ridge  *' 
which  forms  the  continuation  of  Crowley's  Ridge,  and  runs  from  opposite  Helena  to  the 
head  of  Honey  Island,  diagonally  across  the  Yazoo  bottom. 

No  larger  fossils  have  been  brought  up  by  the  augur  from  the  Greenville  boring,  but 
the  marl  struck  at  90  feet  is  identical  in  appearance  with  that  from  the  Choctaw  Bar 
borings,  and  the  microscopic  organisms,  while  somewhat  different  from  those  of  the  pre- 
ceding borings,  nevertheless  beur  the  same  general  character.  From  the  known  general 
southward  dip  of  the  tertiary,  it  must  be  presumed  that  higher  strata  are  met  with  at 
the  same  depths  as  we  advance  southward,  beneath  the  bottom  as  well  as  on  the  blufb 
alongnde. 
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